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COMPUTATIONAL FLUID DYNAMICS STUDY OF 
THE VARIABLE-PITCH SPLIT-BLADE FAN CONCEPT 


SUMMARY 

A computational fluid dynamics study was conducted to evaluate the feasibility of the variable-pitch 
split-blade supersonic fan concept. This fan configuration was conceived as a means to enable a supersonic 
fan to switch from the supersonic through-flow type of operation at high speeds to a conventional fan with 
subsonic inflow and outflow at low speeds. During this off-design, low-speed mode of operation the fan would 
operate with a substantial static pressure rise across the blade row like a conventional transonic fan; the front 
(variable-pitch) blade would be aligned with the incoming flow; and the aft blade would remain fixed in the 
position set by the supersonic design conditions. Because of these geometrical features, this low speed 
configuration would inherently have a large amount of turning and, thereby, would have the potential for a 
large total pressure increase in a single stage. Such a high-turning blade configuration is prone to flow 
separation; it was hoped that the channeling of the flow between the blades would act like a slotted wing and 
help alleviate this problem. 


A total of 20 blade configurations representing various supersonic and transonic configurations were 
evaluated using a Navier Stokes CFD program called ADAPTNS because of its adaptive grid features. The 
flow fields generated by this computational procedure were processed by another data reduction program 
which calculated average flow properties and simulated fan performance. These results were employed to 
make quantitative comparisons and evaluations of blade performance. 


The supersonic split-blade configurations generated performance comparable to a single blade 
supersonic, through-flow fan configuration. Simulated rotor total pressure ratios of the order of 2.5 or better 
were achieved for Mach 2.0 inflow conditions. The corresponding fan efficiencies were approximately 75% or 
better. 
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The transonic split-blade configurations having large amounts of turning were able to generate large 
amounts of total turning and achieve simulated total pressure ratios of 3.0 or better with subsonic inflow 
conditions. These configurations had large losses and low fan efficiencies in the 70’s %. They had large 
separated regions and low velocity wakes. Additional turning and diffusion of this flow in a subsequent stator 
row would probably be very inefficient. The high total pressure ratios indicated by the rotor performance 
would be substantially reduced by the stators, and the stage efficiency would be substantially lower. Such 
performance leaves this dual-mode fan concept to be less attractive than originally postulated. 

Other configurations, with considerably less flow turning, indicated the flow could be diffused with much 
lower losses and can achieve higher fan efficiencies. These results indicate that total pressure ratios, higher 
than the current state-of-the-art, may be achievable with fixed-geometry split-blade configurations designed 
for subsonic inflow conditions. 



1. INTRODUCTION 

The variable-pitch, split-blade supersonic fan configuration was conceived under a previous 
UTRC/NASA study, reference 1, which evaluated the performance potential of supersonic through-flow fans 
for advanced engines for supersonic cruise aircraft. It evolved from a single-blade fixed-pitch supersonic 
through-flow fan configuration in order to provide the capability of operating over a wide range of inflow 
velocities varying from subsonic to the supersonic cruise condition. At low speeds the variable-pitch 
split-blade fan operates like a conventional fan, generating a substantial pressure rise, and has subsonic 
outflow velocities. At supersonic speeds the fan operates like a supersonic through-flow fan eliminating the 
need for a conventional supersonic inlet. If this dual mode of operation can be obtained, this fan configuration 
has the potential of providing a continuum of operation from take-off and subsonic flight, through the 
transonic region to the supersonic cruise condition. 

1 .1 Variable-Pitch Split-Blade Fan 

The variable-pitch split-blade fan operates like a subsonic fan at subsonic speeds and like a supersonic 
fan at supersonic speeds. In order to operate in this manner some type of variable-pitch arrangement was 
required to align the blade with the relative inflow velocity. Rotating the entire blade was considered first, but 
the close spacing of the blades (required for the supersonic design condition) made this very difficult 
mechanically. Furthermore, at low speeds, the exiting flow was left with a large swirl component. The 
split-blade configuration shown in figure 1 appeared to solve, or at least reduce, the mechanical and 
aerodynamic problems associated with a vanable-pitch fan. For the example shown in this figure, the blades 
were designed to provide the correct amount of turning at the supersonic, Mach 2 inflow condition. At this 
condition the front and aft blades are aligned to provide a shape which approximates a single long-chord 
blade required for the supersonic operating condition. For the configuration shown here, the front blade is 
shorter than the aft blade, and is designed to be rotated and be aligned with the incoming (relative) flow 
direction when operating off-design in the transonic mode with subsonic inflow. The aft blade is fixed and 
provides additional turning of the flow. 

At the high-speed, supersonic inflow condition (Vi = 2000 ft/sec), the flow remains supersonic and is 
turned as it passes through the blade row, with little change in the magnitude of the relative velocity (Vi — V 2 
= 2500 ft/sec); the absolute exiting velocity (V 2 = 2700 ft/sec) is substantially greater than the incoming 
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Figure 1. Variable-pilch split-blade fan. 


velocity. Thus the flow is accelerated to a greater velocity and gains kinetic energy as it passes through the 
blade row. For this example the increase in total energy (enthalpy) is approximately 40%, and the total 
pressure of the exiting flow is approximately three times the incoming total pressure. 


At the low-speed, transonic operating condition, the front blade is rotated considerably to be aligned 
with the flow when the incoming flow is subsonic (Vi = 800 ft/sec), but the relative flow is supersonic 




(Vi' = 1500 ft/sec). At this condition, the front blades function like a “conventional” high speed fan; a strong 
shock (represented by the dashed line) forms in the blade row, the flow is decelerated to a subsonic velocity, 
and a large increase in static pressure is achieved. The aft blades are at a considerable angle relative to the 
front blades; they now act like a slotted wing flap and do additional turning of the subsonic flow. At this 
condition there is substantial flow turning and a large static pressure rise across the blade row; a large amount 
of work is done, the increase in total enthalpy is approximately 50%, and the total pressure of the exiting flow is 
approximately three and a half times the incoming total pressure. A variable-pitch split-stator (not shown) is 
required to accommodate the large range of flow angles leaving the rotor. 

1.2 Performance Potential 

Theoretical calculations were made to evaluate the performance potential of this configuration. The 
results, presented in figure 2, show the total pressure ratio generated for both the transonic (subsonic inflow) 
and supersonic through-flow operating regimes as a function of the inlet (Mi) and rotor (Mr) mach numbers. 
Note that the speed lines are not continuous between the transonic and supersonic operating conditions; this 
occurs because the flow is throttled in the transonic operating regime to achieve a substantial static pressure 
rise; the high back pressure increases the amount of work done; thus the throttled transonic performance is 
slightly higher than the unthrottled supersonic performance at the same rotor velocity. As shown in this figure, 
the variable-pitch split-blade fan has the potential for producing large total pressure ratios at both the 
transonic and supersonic operating condition. 

The variable-pitch split-rotor acts like a variable camber blade, enabling it to accept a wide range of 
inflow velocities. It also offers the unique capability, at subsonic speeds, of combining the capabilities of a 
conventional fan plus an aft blade for additional flow turning. Theoretical calculations indicate that the 
split-blade fan has the potential for producing extremely large pressure ratios when operating in the transonic 
mode. However the calculation procedure used empirical correlations to determine the limiting flow 
conditions. More sophisticated analyses using state-of-the-art CFD calculations need to be done to 
determine the capability of this type of blading. 
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FAN PERFORMANCE VPRS-1 



Figure 2. Split-blade fan performance potential. 


1 .3 Previous Studies of Variable-Pitch Fan 

As noted earlier, the fan concept was conceived under a previous (ref. 1) study. The results of that study 
showed the variable-pitch split-blade fan to provide superior performance (when compared with a 
conventional fan engine) for both a Mach 2.3 supersonic transport and a Mach 5.0 cruise vehicle. This result 
led to several additional studies of this fan concept. 

A concept ual design study of an engine employing this variable-pitch fan concept was conducted by 
P&W, reference 2. This study examined the mechanical problems associated with this variable-pitch fan. 
Concurrently, the aerodynamic problems were being investigated by UTRC. A previous study to develop the 
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capability to analyze the split-blade fan was reported in reference 3. The present study improved upon these 
techniques, and used the procedures to analyze a variety of blade configurations at both the supersonic design 
condition and transonic operating conditions. 

1 .4 Program Objective and Scope 

The objective of the present program was to evaluate the feasibility of operating a variable-pitch 
split-blade fan with both subsonic and supersonic inflow conditions. When operating with subsonic inflow the 
outflow is also subsonic, and a substantial static pressure rise is achieved across the blade row; when operating 
with supersonic inflow the outflow is also supersonic. 

An analytical study was conducted using a Navier-Stokes code developed by Davis and Dannenhoffer 
called ADAPTNS (ref. 4). The scope of the present program (see fig. 3) consisted of: code modifications to 
handle the split-blade geometry; check-out of the code (at both supersonic and transonic flow conditions) 
with a baseline blade configuration; development of a procedure for evaluating the CFD results and generate 
hypothetical fan performance; evaluation of the impact of various supersonic and transonic design 
considerations; evaluation of various front and aft blades at transonic operating conditions, and an evaluation 
of the supersonic performance of an improved configuration. A total of 20 blade configurations were analyzed 
at various flow conditions totaling 56 CFD cases. 
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Figure 3. Program scope. 
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2. BLADE CONFIGURATIONS 


A total of 20 different blade configurations were evaluated under this study. The baseline variable-pitch 
rotor configuration (VPR-6.1) used in the initial check-out of the calculation procedures was a derivative of 
the variable-pitch rotor-stator configuration used in the air turbo ramjet engine evaluated in the Mach 5 
cruise vehicle study reported in reference 1. The relationship between this baseline configuration and the other 
19 configurations is shown in the blade genealogy chart presented in figure 4. The effect of single versus split 
blading, and gap-to-chord were investigated at the supersonic operating condition using the smgle-bladed 
supersonic through flow fan, STFF-9, and the reduced gap VPR-6.1RG. The effect of the slot geometry 
between the fore and aft blades was investigated at the transonic operating condition using the VPR-6.2 and 
7.1 blade configurations. Eight different front blades, VPR-9f through 16f, and six different aft blade 


C 3 Supersonic Cases 



Figure 4. Blade genealogy. 
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configurations, VPR-13.3 through 13.8 were evaluated at the operating condition. The VPR-9f front blade was 
combined with the baseline aft blade to form the VPR-9.1 configuration which was evaluated at both the 
transonic and supersonic operating condition. 

2.1 Blade Geometry and Nomenclature 

Each of the blade configurations evaluated in this study is identified by the shape of the front and aft 
blades. Thus the baseline variable-pitch rotor configuration, VPR-6.1 is comprised of front blade #6 and aft 
blade #1. And if only the front blade is specified, the front blade is identified by an “f” and if only the aft blade 
is specified, the blade is identified by an “a”. Thus configuration VPR-9f is a single front blade; configuration 
VPR-la is an aft blade; and configuration VPR-9.1 is a split-blade configuration. The exception to this 
nomenclature is the single blade supersonic through flow fan, STFF-9. 

The geometrical features used to describe a split-blade configuration are shown in figure 5. The blade 
location and orientation is defined by the blade chord and chord angle relative to the x-axis. For all 
configurations, except VPR-7.1, the leading edge of the aft blade is coincident with the trailing edge of the 
front blade at the supersonic design condition; and the front blade is rotated about its center shown by © . 
Each configuration has a specified (constant) gap, g. The gap/chord is specified for each blade set, g/ci and 
g/c 2 - The overall gap/chord is defined using the overall chord. 

The specific geometry of each blade is described by polynomials which define the upper and lower 
surfaces relative to the blade chord (the normalized r \ , £ coordinates shown on fig. 5). For example, the upper 
surface angles on the front portion of the blade are defined by 


0 U = 0 Ul + A£ + B£ 2 for 0 < £ < ^ 


( 2 . 1 ) 
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Figure 5. Blade geometrical features. 


and on the aft portion of the blade by 

0u = e Ul + C(1 - 0 + D(1 - for £,„<£< l.o (2-2) 

where 0 Ul and 0 UJ are the leading and trailing edge angles relative to the chord, ^ is the transition location 
defining the boundary between the two equations; the coefficients (A, B, C, D) are chosen to ensure that the 
coordinate, j? , and the slope, 6 , are continuous at the transition location. For all blades except VPR-7f and 

VPR-lOf the slope derivative, dd/drj , is also continuous at the transition point. 
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A tabulation of the geometry specifications of each of the front and aft blades, evaluated in this study, is 
presented in Table 1. The polynomial coefficients defining the upper and lower blade surfaces are presented in 
the Appendix. Descriptions and sketches of the various front and aft blade configurations are presented under 
blade comparisons. 


Table 1: Blade Geometry Specifications 


(c overall ~ lO.Oin.) 



Front Blade 

Aft Blade 

Name 

9 / ^overall 

/ ^overall 


ESHMiMi 


C?! Coverall 


esbi 

VPR6f 

0.3333 

0.4000 

29.37 

47.89 

17.00 

n/a 

n/a 

n/a 

VPR7f 

1 

0.4500 

X 

X 

15.19 

n/a 

n/a 

n/a 

VPR9f 

1 

0.4000 

32.37 

50.89 

11.00 

n/a 

n/a 

n/a 

VPRlOf 

1 

1 

36.87 

55.35 

5.97 

n/a 

n/a 

n/a 

VPRllf 

1 


1 

52.39 

6.74 

n/a 

n/a 

n/a 

VPRl2f 

1 




58.39 

0.0 

n/a 

n/a 

n/a 

VPRl3f 

1 



1 

5.95 

n/a 

n/a 

n/a 

VPR14f 

1 

1 

X 

1 

15.97 

n/a 

n/a 

n/a 

VPRISf 

1 

1 

39.87 

1 

11.01 

n/a 

n/a 

n/a 

VPRl6f 

X 

X 

X 

X 

12.65 

n/a 

n/a 

n/a 










VPR6.1 

0.3333 

0.4000 

29.37 

47.89 

17.00 

0.6000 

15.62 

22.50 

VPR6.1RG 

0.2222 



1 

1 

1 

X 

X 

VPR6.2 

0.3333 

X 


1 

X 

1 

21.60 

30.76 

VPR7.1 

1 

0.4500 

X 

X 

15.19 

1 

15.62 

22.50 

VPR9.1 

1 

0.4000 

32.37 

50.89 

11.00 

1 

X 

X 

VPR13.3 

1 

1 

36.87 

58.39 

5.95 

1 

18.43 

31.58 

VPR13.4 

1 

1 

1 

1 

1 

1 

21.43 

37.59 

VPR13.5 

1 

1 




1 

1 

24.43 

43.61 

VPR13.6 


1 



1 


X 

31.58 

VPR13.7 

1 

1 

1 


1 

i 

30.43 

X 

VPR13.8 

X 

X 

X 

X 

X 

X 

43.39 

12.00 


2.2 Blade Comparisons 

2.2.1 front Blade Geometries .— All the front blades used in this study are compared in figure 6. They are 
shown in two groups: those on the left hand side have a continuous mean-line curvature; those on the right 
have a reflexed mean-line curvature. The baseline front blade VPR-6f is formed by two circular arcs; the lower 
surface turning 11 deg. The VPR-7f has the same lower surface as the baseline, but the blade is 5% longer to 
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Figure 6. Front blade configurations 

overlap the aft blade. The overlapping portion has the same contour as the front of the aft baseline blade. The 
VPR-9f blade is also a circular arc with less turning; the lower surface turns only 5 deg. The VPR-llf blade has 
a flat bottom; the upper surface formed by two circular arcs joining at the 60% chord. The VPR-15f blade has 
3 deg of circular turning on the lower surface, but the upper surface is formed by two curves joining at the 
615% chord, this blade is thicker with a t/c = 5%. The VPR-14f is similar to VPR-15f, however; it has a lower 
surface with 6 deg of turning and a thickness of 9%; it is the thickest blade evaluated. The front portion of the 
upper surface of these two blades are straight to minimize the flow expansion in the transonic mode when that 
surface is aligned with the inflow. Past the transition point the upper surface turns rapidly to join the trailing 
edge. 
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All the reflex blades shown in the right, except VPR-7f, have straight upper front surfaces to minimize 
the flow expansion; and the front portion of the lower surfaces turn up parallel to the upper surface, before 
turning down to the final angle. The VPR-12f blade has the least turning; the lower aft surface is parallel to the 
front upper surface; the upper rear surface turns down past the 62.5% chord to join the trailing edge. Blades 
VPR-lOf and 13f have the same reflexed lower surface, turning down to -6 deg at the trailing edge relative to 
the leading edge upper surface. The upper surface of VPR-lOf is composed of two straight lines intersecting at 
the 75% cord; the upper surface of VPR-13f has the same leading and trailing edge angles but the corner is 
rounded. The VPR-16f blade is similar to VPR-13f, but with reflexive turning to -15 deg at the trailing edge. 
The upper surface has more down turning in order to join the trailing edge. It is also the thickest of the reflex 
blades (t/c = 5%). 

2.2.2 Aft Blade Geometries.— The aft blades used in this study are compared in figure 7. The baseline aft 
blade VPR-la is formed by two circular arcs; the lower surface turning 16.5 deg. The leading and trailing edge 
angles are 6 deg. The VPR-2a has the same lower surface on the baseline but the leading edge angle was 
increased to 22.5 deg and the upper transition location ^ was moved to 15% chord. The maximum thickness 

was approximately the same as the baseline. The next sue blades are a family of blades, all used with VPR-13f 
to systematically investigate the effect of turning and slot divergence on the transonic flow field. All blades 
were circular arc shapes. The first three blades of this family, VPR-3a-5a all had the same lower surface exit 
angle of 6 deg; they had various amounts of lower surface turning 24.87, 30.87 and 36.87 deg, respectively. 
Blade VPR-6a is the same as blade VPR-3a rotated 6 deg, it has a (lower surface) leading edge angle of 
36.87 deg and a trailing edge angle of 12 deg. Blade VPR-7a is the same blade as VPR-3a rotated 12 deg, it has 
a (lower surface) leading edge angle of 42.87 deg and a trailing edge angle of 18 deg. Blade VPR-8a has only 
6 deg of turning on the lower surface, the trailing edge angle is 40.4 deg. 

2.2.3 VPR-6.1.—A sketch of the baseline configuration VPR-6.1 is shown in figure 8. The transonic 
orientation of the blades is shown by the solid lines; the dashed lines show the orientation of the front blade 
during supersonic operation. This fan was designed for a pressure ratio of approximately 2.8 at the Mi = 2.0 
inflow condition and a rotor speed, Mr = 1.5. The split blades were designed to form a continuous 
circular-arc lower surface contour having a leading edge angle of 34.9 deg and a trailing edge angle of 7.4 deg. 
The front (variable) blade has a mean chord of 40% of the total chord. The upper surfaces of these blades were 
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Figure 7. Alt blade configurations. 

also circular-arcs with leading and trailing edge angles of 6 deg. These angles resulted in blades which were 
approximately 3% thick. The gap between adjacent blade sets was 0.333 of the total chord length of both 

blades. 


At the transonic operating condition the front blade was rotated 18.5 deg about its center to align the 

leading edge of the upper surface to the incoming flow for an inflow Mi = 0.8 and a rotor speed of Mr = 1.3. 

The relative flow angle for this condition is 58.4 deg. The lower surface angle at the leading edge of the front 
blade, as shown in the figure, is 53.4 deg. This rotation left a gap between the blades which is approximately 8% 
of the total chord length of both blades. 
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Figure 8. Baseline blade configuration - VPR 6.1. 


2.2.4 VPR-6.2 and 7.1 .— A sketch of these transonic configurations is shown in figure 9. The VPR-6.2 
configuration was the modified VPR-6.1 used in the reference 3 study. The rear blade of the baseline 
configuration was rotated 6 deg and the leading edge angle was increased to 22.5 deg without altering the lower 
surface. This latter modification changed the thickness distribution of the aft blade, moving the location of 
mavimnm thickness forward, without changing the maximum thickness. These modifications changed the 
divergence of the “slot” formed by the lower trailing edge of the front blade and the upper leading edge of the 
aft blade. The resulting slot had a 5 deg convergence angle. 

The VPR-7.1 configuration also had a modified “slot” geometry. The VPR-7.1 used the same aft blade 
as the baseline, and a similar but 5% longer front blade which overlapped the aft blade. The overlapping 
portion of this front blade was designed to mount flush with the aft blade at the supersonic design condition. 
Thus when the front blade was rotated away from the aft blade, the slot which was formed had a divergence 
which was equal to the amount of rotation. For this configuration the slot divergence was 17.5 deg. 
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Figure 9. VPR 6.1, 6.2 and 7.1 blade configurations. 

2.2.5 VPR-6.1, 9.1, and 13.3 . —These three transonic blade configurations are compared in figure 10. The 
front blades, discussed above, are all rotated to have the upper leading edge surface parallel to the incoming 
flow angle of 58.4 deg. The aft blades were designed to have the leading edge of the lower surface continuous 
with the trailing edge of the lower surface of the front blade at the supersonic design condition. These blades 
have approximately the same amount of total turning at the supersonic design condition; the lower surface 
trailing edge angles are: 7.4, 7.4, 6.0 deg, respectively. 

2.2.6 VPR-13 Family .— Six different aft blades were combined with the VPR-13f to investigate the effect 
of turning and slot divergence on the transonic flow field. These six configurations are shown in figure 11. The 
first three blades VPR-13.3-13.5 had the same lower surface exit angle, 6 deg, with various amounts of lower 
surface turning of 24.87, 30.87 and 36.87 deg, respectively. Blade VPR-13.6 has the same aft blade as 13.3 
rotated 6 deg, it has a trailing edge angle of 12 deg; blade VPR-13.7 is the same as blade VPR- 13.3 rotated 
12 deg, it has a trailing edge angle of 18 degree. Blade VPR-13.8 has the same upper surface leading edge angle 
as the lower surface trailing edge angle of the front blade (in the transonic position), thereby providing a 
parallel channel between the blades for the flow to pass through. The lower surface of this blade turned 6 deg 
to an exit angle of 40.4 deg. 
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Figure 11. VPR-13 family of blades. 
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3. NAVIER-STOKES ANALYSIS TECHNIQUE 

The calculation procedure used for the analysis of split-blade fans in this report is an unstructured grid 
embedding procedure developed by Davis and Dannenhoffer called ADAPTNS (ref. 4). In this approach, the 
Reynolds-averaged Navier-Stokes equations are integrated to steady state on successively refined grids until 
solutions on successive grids are “close” to each other. Embedded grids are generated by employing a fixed 
global grid and automatically sub-dividing the computational cells in the immediate vicinity of pertinent flow 
features. These flow features, such as stagnation points, shocks, and viscous layers, are located through the use 
of velocity and static pressure differences across computational grid cells, and cell averaged vorticity 
magnitude refinement parameters. The integration procedure used to solve the Navier-Stokes equations is a 
time marching, control volume scheme (ref. 5). A generalization of Ni’s multiple-grid method (ref. 6) is used 
both for increasing the overall convergence rate as well as coupling the solutions on the various embedded 
grids. The Baldwin-Lomax (ref. 7) two-layer, algebraic turbulence model has been incorporated into the 
ADAPTNS adaptive grid procedure to calculate the turbulent eddy viscosity. 

The ability to compute grid resolved solutions without the use of a fine grid throughout the 
computational domain, and the ability to analyze complex geometries, were the main reasons why ADAPTNS 
was chosen for the present split-blade fan analysis. Such an adaptive grid code is especially useful for new 
geometries, like the split-blade fan, where the flow structure is not known a priori. 

Although the ADAPTNS code, as originally developed, can analyze fairly general cascades of single 
element airfoils, several modifications to the code were required to enable split-blade fan geometnes to be 
evaluated. The four major changes to the code were: modifications of the initial grid topology, modification of 
the far-field boundary conditions, modification of the refinement parameters used to locate critical flow 
features, and a change in the data structure associated with the turbulence model. These modifications are 

discussed below. 

3.1 Grid Topology 

The ADAPTNS code was originally developed to analyze the flow through a single blade row of 
compressor, turbine, or fan blades. As the grid is adapted, individual grid cells may be divided or fused 
(un-divided) as needed, but the initial grid nodes remain. Hence, the initial grid provides a framework for any 
adaptation. The initial grid topology typically used to analyze single blade row geometries is a C-grid. For 
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single blade row cascades, the C-grid provides high resolution in a vicinity of blunt leading edges. This type of 
grid system, however, is much more difficult to apply to the more complex geometry of the split-blade fan. 
After considering several different possible grid topologies, it was decided to use a modified H-grid for the 
present study. A typical initial modified H-grid is shown in figure 12. Although it is fairly easy to generate a 
modified H-grid for the split-blade fan geometry, it is difficult to generate one which has high resolution near 
the leading edge of a blunt airfoil. For this reason, the airfoils analyzed in this investigation had sharp leading 
edges. 

ADAPTNS was designed to automatically refine or adapt the computational grid in regions where the 
flow is complicated, and to analyze flows in complex geometries. To accomplish this, the computational grid 
used is unstructured, meaning that the computational nodes are not required to be ordered in a regular 
pattern. Because the computational nodes are not ordered in a regular way, tables (called pointers) must be 
constructed which express where the computational nodes are in relationship to one another and to physical 
boundaries. As the computation proceeds the computational grid is automatically refined and the pointers are 
updated. The user, however, must supply a routine that sets up the initial grid and pointers. Such a routine did 
not previously exist for the split-blade fan geometry, and was completed in this effort. 

The grid generation algorithm used to create modified H-grids for split-blade fans is a modified version 
of the Laplace grid generator written by Dannenhoffer (ref. 8) for the adaptive-grid, Euler-flow code 
MITOSIS. The grid generator is similar to that of Thompson et al. (ref. 9) in that the location of the grid lines 
are described by Laplace’s equation. It has the advantage, however, that it can be used to generate 
unstructured grids. This procedure uses the same pointer system as that utilized by the Navier-Stokes flow 
solution technique. For viscous applications, such a grid is not adequate. In particular, the grid resolution near 
the blades and in the wakes is not fine enough to resolve the viscous shear layer. Even though the code will, in 
principle, adapt and eventually resolve these structures, the initial grid should be able to resolve to some 
degree the viscous layers. A modification to the initial grid Laplace generator was made which allows grid lines 
to be clustered near the blades. A typical viscous grid used in this investigation is shown in figure 12. 

3.2 Far-Field Boundary Conditions 

Early in this investigation, converged solutions for flows at supersonic inlet Mach numbers and 
moderate to high back pressures could not be obtained. For each case, a passage shock should sit at the 
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leading edge of the upstream airfoil. However, this shock would eventually “pop out” of the passage and 
propagate forward of the blade row and out of the computational domain. Soon after, the solution procedure 
would diverge. This phenomenon was found to be due in part to the set of far-field boundary conditions used 
in the original ADAPTNS code. The quantities specified at the inflow boundary were the total temperature, 
total pressure, and incoming flow angle in the relative frame. This set of boundary conditions works well for 
subsonic relative inflow, but does not adequately represent the physical situation for supersonic relative but 
subsonic absolute inflow Mach numbers. For example, the inflow angle cannot be arbitrarily specified but 
rather must be found as part of the solution. The solution procedure will seek the inflow angle which satisfies 
the so-called unique incidence condition. 

A more natural and physically meaningful set of upstream boundary conditions is to specify the 
upstream total conditions (specifically the total enthalpy as reported by Hall and Kepler (ref. 3) or total 
pressure and total temperature) and tangential velocity in the absolute frame of reference. These upstream 
boundary conditions were implemented into the ADAPTNS code and were found to prevent the shock from 
propagating forward and out of the computational domain. Furthermore, using these boundary conditions, 
the code correctly predicts the unique incidence inflow angle. 

3.3 Turbulence Model 

The turbulence model used in ADAPTNS is the Baldwin-Lomax turbulence model. In this model, the 
eddy viscosity is an algebraic function of the vorticity profile and the distance from the airfoil surface. It is 
convenient, therefore, to construct the turbulence model along grid lines which are approximately normal to 
the blade surfaces. However, because the grid is unstructured, tables must be constructed which give lists of 
nodes that lie on the grid lines which start at the surface of the airfoil (or the center of the wake) and run in the 
“normal” direction away from the airfoil. This list of nodes is known as the turbulence model data structure. In 
the current effort for the calculation of viscous flows in split-blade fans, a turbulence model data structure was 
created based upon the initial grid tangential grid lines. The eddy viscosity along these lines is calculated 
directly from the Baldwin-Lomax turbulence model and interpolated at all other nodes using the technique 
described in reference 4. 

In the original version of ADAPTNS (C-grid, single element airfoil), the turbulence model encompassed 
the entire computational domain. Because of the complexity of the split-blade fan geometry, the current 
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implementation of the turbulence model does not extend throughout the entire computational domain. 
T nc tpaH, four zones were set up in which the turbulence model is used as shown in figure 13. In regions not 
covered by one of the four zones, such as in front of the forward airfoil, the turbulence levels are expected to be 
small, and the eddy viscosity is taken to be zero. 
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Figure 12. Modified H-grid. 
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Figure 13. Four zones used in turbulence model. 
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3.4 Refinement Parameters 


Computational grid cells in the immediate vicinity of critical flow features, such as shocks, stagnation 
points, and viscous layers, are sub-divided in order to reduce truncation error to a user specified global level of 
accuracy. Simultaneously, computational grid cells away from such flow features are, when possible, fused or 
undivided to eliminate any unnecessary computations. Flow features are located in the computational domain 
through the use of refinement parameters which have large values at these flow features and small values 
elsewhere. 

In the original ADAPTNS code, flow features were detected using the velocity difference across 
computational cells and vorticity magnitude. The velocity difference was found to be a good parameter to 
locate inviscid phenomena such as stagnation points, shocks, and expansion waves. In addition, the velocity 
difference provided a good initial marker for defining the extent of viscous layers including boundary layers, 
shear layers, and wakes. The velocity difference parameter was not found to be sufficient, however, to track 
and completely encompass the viscous layers. For these viscous features, the vorticity magnitude was found to 
be a very good parameter to define the extent of the high velocity gradient, viscous regions. 

In the current application of ADAPTNS to split-blade fans, it was found that the velocity difference 
parameter typically used to locate shocks and inviscid features was overwhelmed by the gradients located in 
the viscous layers. Thus, adaptation resulted in grid refinement around the viscous layers with little or no grid 
refinement around the shocks. Since the velocity difference parameter was also useful for locating viscous 
related features, a third parameter, namely the pressure difference across the computational cell, was 
introduced to detect the multiple shocks located in split-blade fan geometries. With the use of the pressure 
difference parameter, grid refinement was more evenly balanced between the viscous shear layers and the 
shocks. 
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4. NUMERICAL RESULTS 


This section describes the results from the viscous ADAPTNS flow field calculation for the baseline fan 
configuration. The output is a two-dimensional array of detailed flow properties (P.TV d). In order to relate 
these flow properties to fan performance, an evaluation procedure was developed to provide a quantitative 
measure of the flow field characteristics and the associated fan performance. 

4.1 Baseline Fan Performance 

Typical results from the viscous ADAPTNS flow-field calculation are described herein. The baseline fan 
configuration (VPR-6.1) was evaluated at both the supersonic design condition and the transonic operating 
condition. The input and output from these calculations are described below. 

4.1.1 Supersonic Through-Flow Calculation .— The supersonic through-flow calculations were run with 
fan inflow conditions simulating flight at Mach = 2.4 and 36,000 ft altitude. A simple conical inlet was 
assumed to decelerate the flow to a Mach number (Mi) of 2.0 at the fan face. The resulting static temperature 
(Ti) was 440 R and the static pressure (Pi) was 4.08 psia. A rotor Mach number (Mr) of 1.5 was used 
(Vr = 1544 ft/sec). These absolute flow conditions resulted in a relative inlet Mach number (M i ') of 2.5. Note 
that all conditions relative to the blade are primed, the absolute conditions are unprimed. The total chord 
length of the split blades was assumed to be 10 in. The resulting Reynolds number based on the cord was 
5,020,000. These inflow conditions were used for all the supersonic ADAPTNS calculations. 

The ADAPTNS calculation procedure developed the grid structure shown in figure 14 for the baseline 
blade configuration. This is the grid which was generated after four levels of adaptation from the original grid. 
Thus, the smallest grid spacing is 1/16 the original grid size. The original grid had 1300 nodes; the final grid had 
46,000 nodes. In the region of the shocks and viscous layer, the grid is packed so finely as to be 
indistinguishable (at this scale) from adjacent grids. 

Figure 15 shows the Mach number contours which were generated. The oblique shocks from the leading 
edge and the acceleration of the flow over the upper surface of the blades can be clearly seen. The intersection 
of the upper surface of the two blades does not generate a shock of significant strength to show us on this 
contour plot. The subsonic boundary layer and wake is indicated by the blue regions. This solution predicts 
separation of the boundary layer from the upper surface of the second blade. 
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Figure 15. Supersonic results - mach contours. 
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Figure 16 shows the pressure contours A small pressure increase (green) across the oblique shock front 
the leading edge followed by the large expansion (darker blue) over the upper surface and compression 
(yellow-red) over the lower surface characterize this flow field There is no significant pressure disturbance 
emanatinn from the intersection of the upper surfaces of the two blades 


Figure 17 shows contours of the total pressure loss. The major loss (yellow-red) is associated with the 
boundary layer and the wake resulting from the separation of the boundary layer from the aft of the second 

blade. 


The pressure coefficient distribution over the blades is shown in figure 18. At the leading edge, the 
pressures on the top and bottom are equal because the leading edge mean line was parallel to the incoming 
flow. The pressure drops along the upper surface of the blade and increases along the lower surface as >een 



P/Psi= 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 

Figure 16. Supersonic results - pressure contours. 
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previously in the pressure contours shown in figure 16. The pressure increase over the aft region of the second 
blade is related to the flow separation from the upper surface.The pressures across the blade at the trailing 
edge are not equal; this pressure difference at the trailing edge causes an expansion from the corner of the 
lower surface which can be seen on the previous pressure contour plot. 

Flow profiles at the downstream end of the flow field are shown in figure 19. The Mach number profile 
shows the large subsonic wake region; the inviscid region, outside the wake, has approximately the same Mach 
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number as the incoming flow; testing to the fact that this blade configuration was designed to turn the flow, not 
change its speed. The pressure profile varies from a minimum downstream of the expansion from the lower 
corner, to a maximum just above the wake. These profiles (plus temperature, T 2 '. and flow direction, O 2 ) 
were used in the performance evaluation procedure to define average flow properties, 

4.1.2 Transonic Calculation .— As used herein, the term “transonic” refers to those conditions in which 
the absolute flow velocity at the fan face is subsonic and the relative flow velocity is supersonic. For these cases 
the exit static pressure was set to a specified value and the upstream total temperature and pressure were 
specified. The transonic calculations were run with inflow conditions simulating flight at Mach = 0.8 and 
18,000 ft. altitude. The fan face flow conditions had the same total temperature (T t , = 513 R) and pressure 
(Pt, = 11.2 psia) as the free-stream; i.e. the flow was isentropic across the subsonic conical inlet. For these 

calculations, the exiting flow is subcritical; therefore, both the back pressure and blade geometry will 
determine the fan-face conditions. At low back pressures the incidence of the front blade will set the flow 
Mach number; at high back pressures, the flow is throttled and the fan face Mach number is reduced. For these 
calculations the initial fan face Mach number and flow properties were set equal to the free-stream conditions 
Mj = 0.8, Ti = 457, Pi = 7.47 psia. The solution conditions were usually close to these values. The nominal 
rotor Mach number was 1.3; the rotor velocity was 1358 ft/sec. These initial flow conditions resulted in a 
relative inlet Mach number of 1.53 and Reynolds number of 5,350,000 based on the 10 in. chord of the two 
blades. 

The adapted grid structure for the baseline blade configuration is shown in figure 20. This grid had five 
levels of adaptation from the original grid presented in figure 12. The original grid had 1300 nodes; the final 
grid had 65,000 nodes. Most of these nodes are packed in the regions where there are strong pressure and 
velocity gradients. 

Figure 21 shows the Mach number contours. The flow expansion over the upper surface of the front blade 
is seen by the red region just downstream of the leading edge. There appears to be two strong shocks in this 
figure; one standing near the leading edge of the front blade, and one near the trailing edge, just upstream of 
the aft blade. Both shocks interacted with the large wake (blue) due to boundary layer separation from the 
upper surface of the front blade. The flow was accelerated as it passed through the gap between the front and 
aft blades; this high velocity flow subsequently separated from the upper surface of the second blade forming a 
second wake. These two wakes did not merge by the end of the calculation region. 
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Figure 21. TVansonic results - mach contours. 
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Figure 22 shows the pressure contours. The flow expansion (dark blue) and shock pressure rise (yellow) is 
evident in this figure. For this calculation the back pressure was set equal to 1.5 times the upstream static- 
pressure. 

Figure 23 shows the total pressure loss contours The major losses (yellow-red) arc associated with the 
boundary layer and wakes. The losses across the two strong shocks are minor. 

The pressure coefficient distribution around the blades is shown in figure 24 The static pressure near the 
leading edge of the upper surface is approximately equal to the upstream static pressure; this is consistent with 
the unique incidence criterion for transonic inflow. The sharp pressure rises near the leading edge and just 
upstream of the trailing edge of the first blade are associated with the two shocks located in the flow field 
discussed previously with the Mach contours. The large pressure rise near the leading edge of the second blade 
is associated with the stagnation condition downstream of the second strong shock. The pressure drop is a 



Figure 22. TVansonic results - pressure contours. 
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Fimre 23. Transonic results - total pressure loss contours. 



Figure 24. TVansonic results - pressure coefficient. 
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consequence of the flow expansion over leading edge of the upper surface. Note, the nearly constant pressure 
in the wake region aft of the separated flow from the upper surface of the second blade. 

Flow properties at the downstream end of the transonic flow field are shown in figure 25. The Mach 
number profile shows the two subsonic wake regions. The inviscid region (outside the wakes) is nearly sonic. 
The exit pressures are much more uniform than the supersonic through-flow case discussed previously. The 
treatment of these profiles is discussed in the next section. 



P/Psi 

Figure 25. Transonic results - flow profiles. 
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4.2 Performance Evaluation Procedure 


The flow profiles downstream of the fan blades were used to define average flow properties which could 
be used to define the performance of an elemental fan configuration. This procedure was employed to 
characterize the performance of each blade configuration at each operating condition. The performance of the 
various blade configurations were compared and evaluated using this derived fan performance. 

4.2.1 Blade Performance Parameters.— A computational procedure was developed to use the flow 
properties (P', T\ V',0') along a vertical “zero-level” (original) grid line. The procedure includes the 

flow-data on the additional nodes added by the adaptation. The flow properties are tabulated along specified 
grid lines, subsequently called “station” even though the grid lines are not necessarily vertical; see figure 12. 

The flow properties at each node are used to determine the local mass flux, momentum, energy, etc. at the 
specified station. These properties are then integrated to determine the vector flow properties defined below in 
Table 2. Note the elemental mass flow is a scalar and is that quantity which crosses the grid line. The elemental 
momentum, pressure force, and stream thrust are vector quantities. The enthalpy and kinetic energy are, of 
course, scalar quantities. 

These integrated quantities are then used to define “average” flow properties which are used to 
determine fan performance. TWo sets of “average” flow properties were defined, one called Unmixed and the 
other called Mixed. The Unmixed flow properties (pressure, temperature, velocity, etc.) are defined in Table 3. 
It should be noted that each of these properties are defined independently and, except for static pressure, are 
mass-average properties. The Mixed flow properties are found by the simultaneous solution of the continuity, 
x-momentum, y-momentum, energy, and state equations given in Table 4 for the five “average” properties: 
pressure, density, temperature, x-velocity, and y-velocity. The Mixed flow represents the flow conditions which 
would exist after mixing to a uniform condition in a hypothetical adiabatic, frictionless duct. The mixing that 
takes place causes an increase in the entropy and a decrease in the total pressure. By using these procedures, 
two sets of relative velocity, pressure, temperature, etc. across a blade row are defined. The rotational velocity 

(V R = VY sin 0\) is added vectorially to the relative velocity (V 2 ') to obtain the absolute exit velocity (as 

seen by an observer moving with the engine). This absolute velocity and the static state properties can be used 
to define the total pressure and total temperature in the absolute system. 
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Table 2: Definition of Integrated Flow Quantities 


Elemental Mass Flow 


Mass Flow 


Momentum 


Pressure Force 


Stream-Thrust 


Enthalpy 


Kinetic Energy 


Total Enthalpy 


m = J dm 


My = J V d\ 


F P = J P d 



F s = Mv + F P 


H — J CpTdm 


r V ■ V 

K E = J{—)d 


H t = H + Ke 


Table 3: Unmixed Average Flow Properties 


Static Pressure 


Total Pressure 


Temperature 


Total Temperature 



C pTO 


Velocity 

















Table 4: Mixed Average Flow Properties 


Continuity 

m = pA x V x 

X-Momentum 

Fs x = PA X + mV x 

Y-Momentum 

F Sy = mV v 

Energy 

HT = m[c,f +!('? + <?)] 

State 

P = pRT 


Three additional parameters were defined to describe the fan performance: the work performed by the 
fan, the absolute fan total pressure ratio, and the fan efficiency. The parameter used to describe the work 
performed by the fan is the work done, W, normalized by the absolute incoming total enthalpy, Hj,. This 
parameter was calculated using the following relationship: 


W _ AF V Vr 
H jj m Hx, 


(4.1) 


where AF^ is the change in the y-component of F s between the fan inlet and exit. For a vertical exit plane 

survey, the change in stream thrust is equal to the change in the y-component of the flow momentum; i.e. 
AF % = m AV y . 


The absolute total pressure can be calculated from the exit static pressure and Mach number. It can also 
be calculated from the flow losses and the work done using the following relationship: 


p T 2 _ 
p T, 



(4.2) 
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The fan efficiency is defined as the ideal work required to generate the actual total pressure ratio divided 
by the actual work: 

Pt '/ (4.3) 

/C Ah ac t U a| W/Ht, 

These three parameters are used to define the elemental blade performance which is associated with the 
configurations analyzed. 

4.2.2 typical Blade Performance .— The preceding analysis was used to evaluate the performance of the 
various blade configurations. Examples of the results for the baseline configuration supersonic and transonic 
solutions are presented in figures 26 and 27.The supersonic performance, shown in figure 26, compares the 
unmixed and mixed average values of the relative total pressure ratio across the blades, Pt 2 '/Pti': the work 

done, W/Ht,), the absolute total pressure ratio, Pt 2 /Pt,; and the fan efficiency, tj c , using a bar chart format. 

Note that the relative total pressure ratio (as seen by an observer moving with the blade row) is less than one, 
whereas the absolute total pressure ratio (as seen by an observer moving with the engine) is significantly 
greater than one. For both the relative and absolute frame of reference, the mixed exit total pressures are about 
10% lower than the unmixed, mass-average total pressure. The absolute total pressure ratio of 2.5 is 
substantial for a single fan stage. The work done is the same by either definition of average flow properties. The 
fan efficiency is also higher for the unmixed or mass-average properties. The calculated efficiency, ij c = 74%, 
is about 10 counts less than that predicted by the simple procedure used in reference 1 for estimating STFF fan 
performance. 

The transonic performance for the baseline fan configuration, as shown in figure 27, presents the same 
type of information. The same trends between the unmixed and mixed flow characteristics are observed. For 
this example, a mass-average total pressure ratio of 3.2 was calculated for this single-stage fan operating at a 
rotor speed of 1350 ft/sec. The corresponding efficiency, r} c = 72%, was low due to the large separated region 
in the exiting flow field. 

The unmixed, mass-average properties are normally used by the industry to define fan performance 
because these properties quantify the potential performance of the flow. Subsequent mixing degrades this 
performance. Thus processes which use the flow immediately, such as a sudden discharge, are characterized 
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Figure 26. Supersonic performance - VPR-6.1. 
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Figure 27. IVansonic performance - VPR-6.1. 
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best by the mass-average properties; whereas, processes which require some mixing to occur have a lower 
performance potential. The unmixed properties are used in subsequent figures to describe the fan 
performance. 

The fan performance described above represents the performance of the baseline fan configuration. 
These results showed that the ADAPTNS calculation procedure could be employed to predict both the 
supersonic and transonic performance of the split-blade configuration. That these results can be used to 
define meaningful fan performance parameters which can be used to evaluate and compare with other blade 
configurations. 
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5. PERFORMANCE EVALUATIONS 


5.1 Supersonic Performance 

The baseline configuration plus three others were evaluated at the supersonic design condition. They 
were: (1) the single blade configuration STFF-9 which had the same overall turning and lower surface contour 
as the baseline; (2) the reduced gap baseline configuration, VPR-6.1R6, which used the same blade geometry 
but reduced the gap by 33%; and a new configuration, VPR-9.1 which had a new front blade with reduced 
turning, but the same aft blade as the baseline. All four blades had the same amount of total turning. 

The work done and relative total pressure ratio are compared in figure 28. Because all four 
configurations had the same amount of turning, they did a comparable amount of work. However, the single 
blade configuration and the new VPR-9.1 configuration did a little better job of turning the flow, and did a 
little more work than the baseline; the reduced gap configuration did a better job of channeling the flow and 
did marginally more work. The new blade configuration, VPR-9.1, has about the same total pressure losses as 

PT27PT1* W/HT1 



VPH-9.1 (Baseline) VPR-6.1RG VPR-9.1 STFF-9 

Blade Configuration (Single Blade) 


Figure 28. Supersonic performance comparisons - relative 
total pressure and work done. 
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the baseline, the single blade configuration STFF-9 is slightly (2%) more efficient. These three configurations 
had the same gap/chord ratio; thus they had the same surface to flow area. The reduced gap configuration 
VPR-6.1RG had the same blade surface area, but the reduced gap reduced the flow area. The surface to flow 
area of this configuration was 50% greater than the other three configurations. This resulted in increased 
friction losses. Although this configuration had less separated flow, the overall losses were 5% greater than the 
baseline and VPR-9.1 configurations. 

The absolute total pressure ratio and fan efficiency are shown in figure 29. The absolute total pressure 
ratio is a function of both the flow losses and work done. Since the STFF-8 and VPR-9.1 blades did the same 
work, they generated comparable total pressure ratios, both a little higher than the baseline. And because of 
the greater losses of the reduced gap configuration, it had a slightly lower total pressure than the baseline. 

The fan efficiencies show similar trends, for similar reasons, as the total pressure ratios. The single 
bladed STFF-9 had the highest efficiency which was 4% greater than the baseline, and the reduced gap 



VPR-6.1 (Baseline) VPR-6.1 RG VPR-9.1 STFF-9 


Blade Configuration (S,n0te B,ade> 

Figure 29. Supersonic performance comparisons - fan efficiency 
and absolute total pressure. 
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configuration was 2% lower. The new VPR-9.1 configuration was comparable to the single bladed 
configuration. The efficiency of the single blade, STFF-9 (ij c = 78%) is comparable to that achieved by a 
similar configuration in supersonic through-flow fan tests reported in reference 10. 

5.2 Transonic Front Blade 

During transonic operation the front blade of the variable-pitch split-blade fan is intended to operate 
much like a conventional high-speed fan with a “normal shock” located within the blade row; thereby 
generating a substantial pressure rise and reducing the exit flow to subsonic velocities before encountering the 
second fixed blade row which turns the flow to increase the work done. The front blade of the baseline 
configuration had a total turning of 11 deg on the lower compression surface and a mean camber turning of 
17 deg. This is much higher than conventional fan blades which are designed to operate with transonic inflow 
conditions. After examining the flow pictures from the transonic calculations of the baseline configuration, we 
postulated that the flow separation from the upper surface of the front blade (see fig. 21) may be due to the 
excessive turning. Therefore, a set of front blades, all with less turning than VPR-6f, were selected for 
evaluation without an aft blade. The specifics of these blades are described in Section 2, and the blade 
geometries are presented in figure 6. To summarize, blades VPR-9f, Ilf, 14f, 15f all have small but positive 
camber, and blades VPR— lOf, 12f, 13f, 16f all have a reflex camber and a straight section on the upper front 
portion of the blades to eliminate the flow expansion over the upper surface. 

Typical flow fields generated by these front blades ar shown in figure 30. This figure shows the Mach 
number contour for two front blades: VPR-9f is a continuous turning blade with 11 deg of mean-line turning; 
and blade VPR-12f is a reflexive blade with zero mean-line turning. The back pressure for these calculations 
were near the critical value which positioned the initial shock near the leading edge of the blade. Significant 
difference in the shock structure can be seen. For the reflexive blade, VPR-12f, the leading edge shock from the 
upper blade is strong, it crosses the passage, and interacts with the boundary layer on the aft diverging section 
of the lower blade, causing the flow to separate off the aft of the blade. For the curved blade, VPR-9f, the 
leading edge shock from the upper blade is weak, it coalesces with the strong shock which is associated with the 
separated region from the upper surface of the lower blade. The wake region from this blade is much larger 
than that from the zero turning blade. 
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The flow fields shown for these two blades are dependent on the exit pressure; these calculations were run 
over a range of exit pressures. At low back pressure the inlet flow is supercritical and the (absolute) subsonic 
inflow Mach number is set by the unique incidence criteria; but at sufficiently high back pressures the normal 
shock” moves up the blade passage toward leading edge, alters the incoming flow field, and reduces the inflow 
Mach number. This effect is shown in figure 31, in which the resulting corrected airflow per unit area is plotted 
as a function of the exit pressure normalized by the (absolute) inlet total pressure for blade configurations 
VPR-9f, Ilf, 12f, 13f. These blades had very little camber; other blades with more camber achieved a critical 
back pressure, above which the flow became unstable and no solutions were achieved. The four blades shown 
reached a critical back pressure which exceeded the (absolute) upstream total pressure; however, this critical 
back pressure was only 45% of the relative incoming total pressure. At low pressures, the corrected airflow, 
W c /A = 46 lb/sec/ft 2 , was set by the unique incidence criteria, which aligned the flow with the angle of the 
initial upper surface of the blade plus the boundary layer displacement thickness angle of approximately 
1 deg. 
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Figure 31. Transonic flow adjustment - front blade comparison. 
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The work done by these isolated front blades is also dependent on the back pressure as shown in 
figure 32. This is a consequence of two effects: (1) as the “normal shock” system moves forward in flow passage 
between the blades, the pressure first increases on the underside of the blade surface, thereby increasing the 
lift on the blade and the work done by the blade; thus, there is greater flow turning; and (2) for back pressures 
above the critical value, the airflow through the blade row is decreased, thereby resulting in more work per unit 
mass. For some of these configurations the work output was increased by 50% at the high exit pressures. 

The total pressure losses associated with the isolated front blades is shown in figure 33. For supercritical 
operation, the mass-average total pressure losses are very low, approximately 5%, for the low camber blades 
(VPR-lOf, Ilf, 12f, 13f, 16f) and a little more ( - 7%) for the other blades (VPR-9f, 14f, 15f). For back pressures 
above the critical value, the losses increase when the shock system moves forward in the blade row. The mixed 
total pressure for these cases is about 5% lower than the mass-average values shown. 

The fan performance parameters are shown in figure 34. In this figure the (absolute) total pressure ratio 
for each case is plotted as a function of the work done. Lines of constant fan efficiency are also plotted to the 
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Figure 32. Transonic work done - front blade comparison. 
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same scale. Their manner of presentation shows the interrelationship between work done, total pressure 
generated, and the fan efficiency. The fan losses are a consequence of the relative total pressure losses which 
are not shown in this presentation. The maximum fan efficiencies obtained in these cases were in the high 
80’s%. They occurred near the critical operating point. The associated total pressure ratios were in the 1.5 to 
1.7 range depending on the work done. The static pressure ratios were in the same range. For operation above 
the critical back pressure, more work is done, higher total pressures are achieved, but the fan efficiency drops 
off rapidly. 

The front blade investigation, discussed above, led to some interesting conclusions about transonic fans. 
Those blades with significant camber had a lower critical static pressure rise and little to zero range of 
subcritical operation. Conversely, the low turning and reflexive blades had higher critical pressure rise, a 
larger range of subcritical operation, smaller wakes, and lower flow losses. The maximum fan efficiencies 
occurred near the critical pressure rise and were in the high 80’s% for all of these configurations. 

5.3 Transonic Aft Blades 

A series of six aft blade configurations were selected to be evaluated with the front blade VPR-13f. This 
reflexive front blade had 6 deg of lower surface turning. The aft blades VPR-13.3 through 13.8 were all circular 
arc blades with various amounts of total turning and orientation. Blades VPR- 13.2- 13.5 had lower surfaces 
which turned 24.87, 30.87 and 36.87 deg, respectively. They were all oriented so the lower surface trailing edge 
angle was 6 deg. Configuration VPR-13.6 had the same aft blade shape as VPR-13.3, but rotated 6 deg, and 
configuration VPR-13.7 had the same aft blade shape as VPR-13.3, but rotated 12 deg. The aft blade of 
configuration VPR-13.8 had only 6 deg of turning on the lower surface and was oriented so the upper leading 
edge surface was parallel with the lower trailing edge of the front blade; thereby providing a parallel channel 
for the flow through the slot. The complete geometry of these configurations is presented in Table 1. Also 
included in these comparisons is the modified aft blade configuration, VPR-6.Z used in the reference 2 study. 

The flow fields generated by two of these configurations is shown in figure 35. The figure shows the Mach 
number contours for the high turning VPR-13.3 and the low turning VPR-13.8. The back pressure for these 
calculations were near the critical value. For the high turning configurations the “normal shock” is located in 
the region between the front and aft blades; further increases in back pressure resulted in no stable solution. 
For the low turning configuration the shock moved up into the front passage, was stable in that location, and 
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solutions were obtained for higher back pressures which reduced the inflow. Note the difference in the 
separated region for these two cases, the smaller wake region for the low turning case resulted in considerably 
less total pressure loss. 

The work done by these aft blade configurations is shown in figure 36. There is a variation in the work 
done by the various blade configuration because there is a large variation in the total turning by the blades. 
Configurations VPR-13.3 to 13.5 did the most work, they all had a trailing edge of 6 deg. Configuration 
VPR-13.8 did the least work; it had a trailing edge angle of only 40 deg. The work done by this last 
configuration is dependent on the back pressure, the others are not. This is because the amount of flow turning 
for a blade configuration having little turning is a function of the change in exit flow velocity caused by the back 
pressure. This figure clearly shows the dependence of work done on the blade turning. 

The relative total pressure losses through these blade configurations is shown in figure 37. In this figure 
the mass-average flow losses are plotted as a function of the blade turning. These results show that the flow 
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Figure 36. Transonic work done - aft blade comparison. 
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Figure 37. TVansonic flow losses - aft blade comparison. 


flow losses are reduced for lower amounts of blade turning. Furthermore the mixing losses (difference between 
mass-average and mixed) are also reduced for the configuration (VPR-13.8) with the least flow turning. Thus 
the flow from this blade configuration is in a more uniform condition for subsequent diffusion in a stator stage. 


The fan performance which could be generated by these blade configurations is shown in figure 38. This 
figure shows both the fan total pressure ratio and fan total pressure ratio and fan efficiency as a function of the 
work done. The results show increasing total pressure ratio with increasing work done (increased turning), 
with efficiencies of about 70’s%. After the previous figure showing considerably lower flow losses for the lower 
turning configuration, this result was at first surprising; however, the lower losses for VPR-13.8 are 
accompanied by lower work done and, hence, no improvement in the efficiency. On the positive side, blade 
total pressure ratios of 3 or more appear feasible in a single split-blade rotor stage. 
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5.4 Transonic Split-Blade 

The transonic performance of the baseline and three other blade configurations having the same total 
turning are compared herein. One of these, the VPR-13.3, is described previously. Another, the VPR-7.1, is a 
variation of the baseline, having a 5% longer front blade which overlaps the aft blade, forming a divergent 
nozzle in the slot between the two blades (see fig. 9). And the third, the VPR-9.1 combined the new front blade 
VPR-9f with the aft blade of the baseline. 

The work done by these four split-blade configurations is shown in figure 39. These blades all had about 
the same amount of turning and, therefore, did about the same amount of work. And because the flow was 
turned nearly axial, the work was independent of back pressure. 
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The relative total pressure ratio across these blades is shown in figure 40. They all had comparable flow 
losses due to the large separated regions over the top of the blades. And the mixing losses associated with the 
flow nonuniformity amount to an additional 10% reduction in the total pressure. 


The performance of these four blade configurations are compared in figure 41. They all achieved total 
pressure ratios in excess of 3 and an efficiencies in the low 70’s%. This is a very high pressure ratio for a single 
rotor stage; it is a consequence of the large amount of work done, W/Ht, =» 0.54; however, because of the 

large losses, the efficiency is low. Furthermore, much of the energy is still in kinetic energy, efficient conversion 
of this energy to pressure across a stator stage would be difficult because of the large separated flow region. 
This single-stage rotor performance might be attractive for an engine which is designed to accelerate through 
this transonic flight regime, but it would not be desirable for an engine which is designed to cruise there. 
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6. CONCLUSIONS AND RECOMMENDATIONS 


The analytical CFD study reported herein provided information about the performance potential of 
variable-pitch, split-blade fan configurations during operation at the supersonic design conditions and 
during off-design operation at transonic operating conditions with subsonic inflow into the fan. The results led 
to the following conclusions about supersonic and transonic fan configurations. 

Supersonic Operation 

1. A split-blade supersonic through-flow fan can provide performance comparable to a 
single-blade configuration. Both the baseline and VPR-9.1 configurations achieved rotor 
total pressure ratios of 2.5 and 2.6, respectively compared with 2.7 for the single blade 
STFF-9 configuration which had the same amount of total geometrical turning. 

2. The fan efficiency of a supersonic through-flow fan is considerably less than a conventional 
subsonic fan. Rotor efficiencies ranging from 74 to 78% were calculated for the three 
configurations identified in 1 above. 

3. Increasing the solidity of a supersonic fan to improve the flow turning may not improve the 
fan performance; the high solidity, reduced gap configuration, VPR-6.1RG, had higher 
viscous losses which resulted in a lower total pressure and lower efficiency than the baseline 
configuration. 

Transonic Operation 

4. Single blades with little or no net camber can operate at higher back pressures and with 
lower losses than blades with small amounts of camber. The low camber front blades 
( VPR-lOf, Ilf, 12f, 13f) were able to operate with back pressures which were approximately 
10% greater than the front blades with moderate camber (VPR-9f, 14f, 15f). The low camber 
blades had relative total pressure loss of about 5% compared with about 7% for the higher 
camber blades. The higher cambered blades did more work which compensated for the 
increased losses. The resulting maximum rotor total pressure ratios (Pt 2 /Pti ~ 1.7) and 
fan efficiencies (ij c > 85%) were about the same for both the low and moderate cambered 
blades. 
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5. Split-blade configurations having low amounts of flow turning are able to operate with 
higher back pressures and lower losses than blade configurations with larger amounts of 
total turning. The low turning configuration, VPR-13.8, was able to operate at a back 
pressure which was approximately 1.9 times the upstream static pressure, with the “normal 
shock” located in the front blade row. The total pressure loss for this configuration was 
approximately 20%. 

6. Split-blade configurations with large amounts of flow turning can achieve high rotor total 
pressure ratios, exceeding 3 times the upstream total pressure; however, the efficiencies of 
these configurations are low rj c s 75%. The high turning configurations (VPR-6.1, 9.1, 

13.3) could not operate above a back pressure of approximately 1.7 times the upstream static 
pressure, and the most forward stable location for the “normal shock” was in the region 
between the front and aft blades. The total pressure losses for these configurations were 
about 30%. 

7. High turning split-blade configurations inherently have veiy non-uniform flow profiles due 
to flow separation from both the fore and aft blades. The greater the turning, the greater 
the low velocity wakes. The highly non-uniform wakes will be difficult to diffuse in the 
downstream stator row; therefore, the high total pressure generated by the rotor may not 
be achievable in a real fan configuration. 

Feasibility of Split-Blade Fan 

8. The variable-pitch split-blade fan was conceived as a means to enable a supersonic fan to 
operate like a conventional fan at transonic operating conditions, and generate substantial 
static and total pressure increases in a single stage with subsonic inflow and outflow. The 
present study has shown the supersonic performance to be comparable to a single-blade 
configuration. At transonic operating conditions substantial (mass-average) total pressure 
ratios were achieved in a single-stage; however, the flow was badly separated and the rotor 
efficiencies were low. Additional turning and diffusion of this flow across a subsequent 
stator row would probably be very inefficient, thereby, losing the advantage which was 
hoped to be achieved by this variable-pitch, split-blade configuration. 
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Recommendations 


The results presented herein provide a comprehensive set of data about split-blade rotor configurations. 
Some limited success was achieved in obtaining high total pressure ratios in a single-stage; and a basic 
understanding of the flow processes was achieved. This information and the understanding of transonic 
split-blade characteristics should be used to improve the performance of transonic fans by using 
fixed-geometry, dual blades having more turning than conventional single blades; thereby providing increased 
total pressure ratios. 
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APPENDIX 

DETAILED BLADE PERFORMANCE 


This section contains a series of tables summarizing the performance of each CFD run made during this 
investigation. Each page presents the data for one run. The blade geometry is listed at the top; the specified 
flow conditions are second; the unmixed or mass-average flow properties third; the mixed or stream-thrust 
average flow properties fourth, and the unmixed and mixed performance at the bottom. 

List of Configurations/Runs 


VPR-6.1-S1 59 

VPR-6.1RG-sl 60 

VPR-9.1-sl 61 

STFF-9-sl 62 


VPR-6.1-tl 63 

VPR-6.1-t2 64 

VPR-6.1-t3 65 

VPR-6.1-14 66 


VPR-6.2-tl 67 

VPR-6.2-t2 68 

VPR-6.2-t3 69 

VPR-6.2-t4 70 

VPR-62-t5 71 


VPR-7.1-U 72 

VPR-7.1-t2 73 

VPR-7.1-t3 74 

VPR-7.1-t4 75 


VPR-9f-tl 76 

VPR-9f-t2 77 

VPR-9f-t3 78 

VPR-9f-t4 79 

VPR-9f-t5 80 


VPR-9.1-tl 81 

VPR-9.1-t2 82 

VPR-9.1-t3 83 

VPR-9.1-t4 84 


VPR-lOf-tl 

VPR-10f-t2 

VPR-10f-t3 


VPR-llf-tl 88 

VPR-llf-t2 89 

VPR-llf-t3 90 


VPR-12f-tl 91 

VPR-12f-t2 92 

VPR-12f-t3 93 

VPR-12f-t4 94 

VPR-12f-t5 95 


VPR-13f-tl % 
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VPR-13f-t3 98 


VPR-133-tl 99 

VPR-13.3-t2 100 
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VPR-13.5-tl 103 
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VPR-13.6-tl 105 


VPR-13.7-tl 106 

VPR-13.7-t2 107 


VPR-13.8-tl 108 

VPR-13.8-t2 109 

VPR-13.8-t3 110 


VPR-14f-tl Ill 
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VPR-15f-t2 113 
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= 

6.913 

psia 

Pi 

= 

6.913 

psia 

Tx 

= 

440.7 

deg.R 

T[ 

= 


deg.R 

Ti 

s 

583.3 

deg.R 

Ti 

= 

583.3 

deg.R 

Pri 

= 

31.92 

psia 

Ptx 

= 

69.71 

psia 

Pti 

= 

43.25 

psia 

Pri 

= 

66.58 

psia 

Tti 

= 

793.2 

deg.R 

JL_ 

= 

991.6 

deg.R 

Jh |_ 

= 

984.9 

deg.R 

Tti 

= 

1114.1 

deg.R 


UNMIXED 

PERFORMANCE 


Pri/Prx 

= 

0.7166 

Vi/Vi 

= 

1.2157 

Pi/Px 

= 

1.7944 

TilTx 

S 

1.3325 

Pri/Prx 

= 

2.3833 

Tti/Ttx 

= 

1.4045 

W/Htx 

= 

0.4129 

Vc 

= 

0.6822 


MIXED 

PERFORMANCE 


P^i/P^x 

= 

0.6205 

VifVx 

= 

1.2271 

Pi/Px 

= 

1.6943 

Ti/Tx 

= 

1.3235 

Pri/Prx 

= 

2.0857 

Tti/Ttx 

= 

1.4045 

W/Htx 

= 

0.4129 

Jk 

= 

0.5661 
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VPR-9.1-sl 


Front Blade: 


Aft Blade: 







Upper: 

Lower: 

61 

a 

b 

C T 

01 1 

c 

d 

8.5000 

-17.0000 

0.0000 

0.5000 

EK1I 

17.0000 

0.0000 

2.5000 


0.0000 

0.5000 

-2.5000 

5.0000 

0.0000 


Cl 

BESS’ 

9 





4.0000 32.3700 

50.8900 | 








0i 

& 

b 

Cr 

& 1 

C 

d 

1 


14.2500 

-28.5000 

0.0000 

0.5000 

-14.2500 

28.5000 

0.0000 



8.2500 

-16.5000 

0.0000 

0.5000 


16.5000 

0.0000 


■tt 




" cj r 

Pc 



1 


6.00001 

15.6200 




CONDITIONS: (Supersonic) 


V R = 

Pt 1 

1543.7 ft/sec 

= 31.92 psia 

Pi/Pti 

= 0.128 

Txi = 

793.2 deg.R 

A1/A1 — 0.8258 

Mr = 

1.50 

Vc„ 

= 1248.2 

ft/sec 

Wc/A = 29.28 


In 

let 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

2.000 


M[ 



Mi 

mm 


M, 

— 

2.320 


Vi 

= 

2058.2 

ft/sec 

V{ 

= 2572.8 

ft/sec 

Vi 

= 2294.7 

ft/sec 

Vi 

= 

2642.2 

ft/sec 

Ot\ 

= 

0.00 

deg. 


= 36.87 

deg. 


= 5.41 

deg. 

Oil 

= 

-30.16 

deg. 

Pi 

— 

4.080 

psia 

Pi 


psia 

Pi 

= 5.887 

psia 

Pi 

S 

5.887 

psia 

T i 

— 

440.7 

deg.R 

Ti 


deg.R 

Ti 

= 539.8 

deg.R 

Ti 

s 5 

539.8 

deg.R 

Pri 

= 

31.92 

psia 

Pti 

= 69.71 

psia 

Pti 

= 53.58 

psia 

Pri 

= 

85.39 

psia 

Tt 1 

= 

793.2 

deg.R 

Jn_ 

= 991.6 

deg.R 

_Zx2_ 

= 984.0 

deg.R 

Tti 

= 

1126.8 

deg.R 


f Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

2.000 


M[ 



Mi 

= 

2.032 


Mi 

= 

2.335 


Vi 

— 

2058.2 

ft/sec 

V{ 

= 2572.8 

ft/sec 

Vi 

= 

2312.2 

ft/sec 

Vi 

= 

2657.4 

ft/sec 

a 1 

= 

0.00 

deg. 

ai 

= 36.87 

deg. 

o', 

= 

5.37 

deg. 

a 7 

55 

-29.97 

deg. 

P l 

= 

4.080 

psia 

p{ 


psia 

Pi 

s= 

5.640 

psia 

Pi 

22 

5.640 

psia 

T x 

— 

440.7 

deg.R 

T{ 


deg.R 

Ti 

= 

539.0 

deg.R 

Ti 

22 

539.0 

deg.R 

Pri 

= 

31.92 

psia 

Pti 

= 69.71 

psia 

Pti 

= 

46.36 

psia 

Pti 

= 

74.48 

psia 

Tti 

= 

793.2 

deg.R 

JL_ 

= 991.6 

deg.R 

Tti 

S 

984.0 

deg.R 

Tti 

= 

1126.8 

deg.R 


UNMIXED 

PERFORMANCE 


Pti! P'ti 


0.7686 

V 1 /V 1 

=2 

1.2837 

P 2 /P 1 

= 

1.4430 

T 1 /T 1 

= 

1.2249 

Pri/Pr 1 

= 

2.6749 

Tti /Tti 

= 

1.4204 

W/Htx 

= 

0.4300 

Jk 

= 

0.7550 


MIXED 

PERFORMANCE 


Pti! Pti 

- 

0.6650 

V 1 /V 1 

= 

1.2911 

P 1 /P 1 

= 

1.3825 

TiiTi 

= 

1.2232 

Pri! Pti 

= 

2.3331 

Tti/Tti 


1.4204 

W/Hti 

= 

0.4300 

Jk 

= 

0.6369 


61 



















































STFF-9-sl 



CONDITIONS; (Supersonic) 



•Pri 

= 31.92 psia 


Tti 

= 793.2 deg.R 


Vr = 1543.7 

ft /see 

Pj/Pr l 

= 0.128 


A 3 /A j 

- 0.8258 

Mr = 1.50 


Vc K 

= 1248.2 

ft /see 

W c /A 

= 29.28 


In 

let 

| Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

2.000 


M[ 



A/j 

= 



m 7 


2.373 


Vi 

= 

2058.2 

ft/sec 


= 2572.8 

ft/sec 

Vi 

= 

2331.2 

ft /sec 

V 3 

= 

2674.0 

ft/sec 

at l 

S 

0.00 

deg. 

°'i 

= 36.87 

deg. 

Or'j 

= 

5.32 

deg. 

at 7 

— 

-29.77 

deg. 

Pi 

= 

4.080 

psia 

Pi 


psia 

pi 

= 

5.639 

psia 

P 2 

= 

5.639 

psia 

Ti 


440.7 

deg.R 

T{ 


deg.R 

Ti 


528.5 

deg.R 

t 3 


528.5 

deg.R 

Pri 

= 

31.92 

psia 

Pti 

= 69.71 

psia 


= 


psia 

Pr 2 

= 

87.59 

psia 

Tti 

= 

793.2 

deg.R 

JGb- 

= 991.6 

deg.R 

Jh_ 

= 

985.8 

deg.R 

Tti 

= 

1128.5 

deg.R 


In, 

let 

Exit | 

Absolute 

Relative 

Relative 

Absolute | 

Mi 


2.000 


Mi 




Mi 



M 3 


2.391 


Vi 

= 

2058.2 

ft/sec 

Vi 

= 

2572.8 

ft/sec 

Vi 

= 2349.2 

ft/sec 

v 3 

= 

2689.7 

ft/sec 

Ofl 


0.00 

deg. 

<*'i 

= 

36.87 

deg. 

° 3 

= 5.28 

deg. 

a 2 

3S 

-29.58 

deg. 

Pi 

2T 

4.080 

psia 

Pi 

S 


psia 

Pi 

= 5.387 

psia 

p 3 

ss 

5.387 

psia 

Ti 

= 

440.7 

deg.R 

n 

= 


deg.R 

Ti 

= 526.5 

deg.R 

T, 

= 

526.5 

deg.R 

Pri 

= 

31.92 

psia 

Pti 

= 

69.71 

psia 

Pti 

= 48.39 

psia 

P. T2 

= 

77.69 

psia 

Tn 

= 

793.2 

deg.R 

JlL. 

= 

991.6 

deg.R 

JSa_ 

= 985.8 

deg.R 

Tt j 


1128.5 

deg.R 


UNMEXED 

PERFORMANCE 


PtJPti 

= 

0.7861 

V 3 /Vi 

= 

1.2992 

Pl/Pl 

= 

1.3821 

T 3 /Ti 

= 

1.1992 

Pri/ Pri 

= 

2.7436 

Tti /Tti 


1.4227 

W/H t 1 

= 

0.4300 

Jk 

= 

0.7773 


MIXED 

PERFORMANCE 


Pti/Pti 

S 

0.6942 

V 3 fV x 

S 

1.3068 

P7/P1 

= 

1.3203 

T 3 /Ti 

as 

1.1946 

Pr 3 /Pri 

= 

2.4338 

Tt 3 /Tti 

= 

1.4227 

W/Hti 

s 

0.4300 

Jk 

= 

0.6729 


62 






































VPR-6.1-tl 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


* 


11.5000 


5.5000 


-23.0000 


0.0000 


Cr 


0.5000 


02 

-11.5000 


Cl 


&Tr*n§onit 

4.0000 1 

29.3700 

47.8900 


c 

23.0000 


11.0000 


d 

0.0000 


0.0000 


Upper: 

Lower: 


01 

a 

b 

Cr 

02 

c 

d 

14.2500 

-28.5000 

0.0000 

0.5000 

-14.2500 

28.5000 

0.0000 

8.2500 

-16.5000 

0.0000 

0.5000 


16.5000 

0.0000 



C 2 

Pc 






6.0000 

15.6200 





V* = 1358.6 

Pti = 

ft/8ec 

11.19 psia 

Pj/Pn 

= 0.850 

Tti = 

512.7 deg.R 

Ai/Ai = 0.8258 

Mr = 1.29 

Vc» 

= 1366.6 

ft/aec 

Wc/A = 46.96 


1 Inlet 

Ej 

cit 

Absolute 

Relative 

Relative 

Absolute 

Mi 


0.769 


M[ 



Ml 

s 



M 2 

= 

1.459 


Vi 

= 

807.5 

ft/sec 

V{ 


ft /sec 

Vi 

= 

1122.9 

ft /sec 

v 2 

= 

1669.4 

ft/sec 

Q X 

— 

0.00 

deg. 

<*\ 

= 59.27 

deg. 

a 2 

= 


deg. 

<*1 

= 

-48.02 

deg. 

Pi 

= 

7.562 

psia 

Pi 

= 7.562 

psia 

Pi 

= 

9.594 

psia 

Pi 

“ 

9.594 

psia 

T i 

— 

458.4 

deg.R 

T[ 

= 458.4 

deg.R 

Ti 

= 


deg.R 

t 2 

= 

545.0 

deg.R 

Pn 

= 

11.19 

psia 

Pr i 


psia 

P'T2 

= 


psia 

Pr 2 

= 

35. 13 

psia 

Tti 

= 

512.7 

deg.R 

r n 

= 666.3 

deg.R 

Jh !_ 


653.8 

deg.R 

Tt 2 

= 

780.8 

deg.R 


| Inlet 

Ej 

at 

Absolute 

Relative 

Relative 

Absolute 

Mi 



0.769 


M{ 



Mi 




m 7 

= 

1.317 


V\ 

— 

807.5 

ft /sec 

V{ 


ft/sec 

Vi 

= 

943.8 

ft /sec 

Vi 

ZZ 

1554.6 

ft/sec 

a i 

= 

0.00 

deg. 

a i 

= 59.27 

deg. 

<*2 


7.16 

deg. 

0 7 

= 

-52.96 

deg. 

P x 



7.562 

psia 

pi 

= 7.562 

psia 

Pi 

= 

11.555 

psia 

Pi 

= 

11.555 

psia 

Ti 

_ 

458.4 

deg.R 

Ti 

= 458.4 

deg.R 

Ti 

= 

579.6 

deg.R 

T, 

s 

579.6 

deg.R 

Pn 

= 

11.19 

psia 

pf 
r 7»i 


psia 

Pt 2 


17.61 

psia 

Pr 2 

s 

32.78 

psia 

Tti 

= 

512.7 

deg.R 

jh. 

= 666.3 

deg.R 

Tt 2 


653.8 

deg.R 

Tt 2 

— 

780.8 

deg.R 


UNMEXED 
PERFORMANCE 


MIXED 
PERFORMANCE 


Pt 2 / Pt 1 

= 

0.6804 

Vi/Vx 

= 

2.0674 

Pi/ Pi 

= 

1.2687 

Ti/Ti 


1.1889 

Pn/Pri 


3.1404 

Tt2/Tti 


1.5230 

W/Ht 1 

= 

0.5474 

Jk 


0.7066 


Pti/ Pti 

= 

0.6289 

Vi/Vi 

= 

1.9252 

Pi/ Pi 

= 

1.5279 

Ti/Ti 

= 

1.2645 

Pri/Pri 

= 

2.9297 

Tn/Tn 

3E 

1.5230 

W/Htx 


0.5474 

Jk 

= 

0.6568 
















































VPR.-6.l-t2 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


01 

a 

b 

Cr 

02 

C 

d 

11.5000 

-23.0000 

0.0000 

0.5000 

-11.5000 

23.0000 

0.0000 

5.5000 

- 11.0000 

0.0000 

0.5000 

Mi » a11111 " 

11.0000 

0.0000 



0Tran$onic 

| 4.0000 1 29.3700 

47.8900 


Upper: 

Lower: 


6 1 

a 

b 

C T 

*2 

c 

d 

14.2500 

-28.5000 

0.0000 

0.5000 

-14.2500 

28.5000 

0.0000 

8.2500 

-16.5000 

0.0000 

0.5000 

tuM 

16.5000 

0.0000 



Cl 

0C 






6.0000 

15.6200 





CONDITIONS; (Transonic) 



Pri = 

11.19 psia 

T ti 

= 512.7 deg.R 

V R = 1358.6 

ft/sec 

Pa/Pri = 0.920 


Ai( A x = 0.8258 

Mr = 1.30 


V Cn = 1366.6 

ft/sec 

W c /A = 47.24 


1 Inlet 

Exit 

1 Absolute 

Relative 

Relative 

Absolute 

Mi 

s 

0.783 


Mi 

= 

1.515 


Mi 

= 



M, 

~ 

1.423 


Vi 

= 

819.9 

ft/sec 

Vi 

= 

1586.8 

ft/sec 

v 3 f 

= 


ft/sec 

v 3 

s 

1647.6 

ft/sec 

oti 

= 

0.00 

deg. 


= 

58.89 

deg. 

°3 

= 

6.58 

deg. 

ora 

= 

•48.42 

deg. 

Pi 

= 

7.466 

psia 

Pi 

s 

7.466 

psia 

Pi 

= 


psia 

Pi 

s 

10.233 

psia 

Ti 


456.7 

deg.R 

n 

= 

456.7 

deg.R 

Ti 

s 

557.5 

deg.R 

T, 

= 

557.5 

deg.R 

Pr i 

= 

11.19 

psia 

Ptx 

= 

28.00 

psia 

Pt, 

= 

19.49 

psia 

Pr 2 

= 

35.44 

psia 

Tti 

= 

512.7 

deg.R 

JGcl. 

= 

666.3 

deg.R 

Jh _ 

= 


deg.R 

Tt 2 


788.1 

deg.R 


| Inlet 

Exit | 

1 Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.783 


M[ 


1.515 


Mi 

= 



Mi 

22 

1.270 


Vi 

= 

819.9 

ft /sec 

V{ 

= 

1586.8 

ft/sec 

Vi 

= 

898.7 

ft/sec 

Vj 

S 

1520.0 

ft/sec 

Q l 

= 

0.00 

deg. 


= 

58.89 

deg. 

“2 

= 


deg. 

Oj 

s 

-54.17 

deg. 

Pi 

=2 

7.466 

psia 

Pi 

= 

7.466 

psia 

Pi 

= 

12.436 

psia 

p 3 

= 

12.436 

psia 

Ti 

= 

456.7 

deg.R 

Ti 

= 

456.7 

deg.R 

Tj 


595.8 

deg.R 

1 2 

2 

595.8 

deg.R 

Pr i 

= 

11.19 

psia 

Pti 

= 


psia 

Pt3 

= 


psia 

Pr 2 

= 

33.10 

psia 

Tti 

2 

512.7 

deg.R 

r n . 

= 

666.3 

deg.R 

Tti 

= 


deg.R 

Tt 2 

= 

788.1 

deg.R 


UNMIXED 

PERFORMANCE 


P^JPtx 

= 

0.6961 

V 2 /V 1 

2 

2.0094 

Pi/P i 

= 

1.3706 

Ti/Tx 

= 

1.2207 

Pre/Pn 

= 

3.1679 

Tn/Tn 

2 

1.5372 

W/Hti 

= 

0.5436 

Jh 

= 

0.7178 


MIXED 

PERFORMANCE 


PTi/P^l 

= 

0.6457 

V 7 /V 1 

2 

1.8539 

Pi! Pi 

2 

1.6659 

Ti/Ti 

— 

1.3045 

Pn/Pr 1 

2 

2.9590 

Tt7/Tti 

2 

1.5372 

W/Hti 

2 

0.5436 

Jh 

2 

0.6684 
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VPR-6.1-t3 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 




11.5000 


Upper: 

Lower: I 5.5000 I -11.0000 


-23.0000 


0.0000 


Ct 


0.5000 


6-i 


-11.5000 


0.0000 I 0.5000 I -5.5000 I 11.0000 I 0.0000 


Cl 



4.0000 

29.3700 

47.8900 | 


c 

23.0000 


d 

0.0000 


01 

a 

b 

Cr 

$2 

c 

d 

14.2500 

-28.5000 

0.0000 

0.5000 

-14.2500 

28.5000 

0.0000 

8.2500 

-16.5000 

0.0000 

0.5000 


16.5000 

0.0000 



C2 

Pc 






6.0000 

15.6200 





CONDITIONS: (Transonic) 


Vr = 

1358.6 

Pt i — 

ft /sec 

11.19 psia 

Pi/ Pri 

= 0.980 

Tti = 

512.7 deg.R 

Ai/A\ 

= 0.8258 

Mr = 

1.30 

Vcn 

= 1366.6 

ft/sec 

W c /A 

= 47.26 


un lVlUVIjiy J 

Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.784 


M{ 

= 1.515 


Mi 




Mj 

= 

1.387 


Vi 

— 

820.9 

ft /sec 

V{ 

= 1587.3 

ft /sec 

Vi 

= 


ft/sec 

Vi 

= 

1608.1 

ft /sec 

a x 

= 

0.00 

deg. 


= 58.86 

deg. 

<*7 

= 


deg. 

<*2 

s 

-50.58 

deg. 

Pi 

= 

7.458 

psia 

Pi 

= 7.458 

psia 

Pi 

= 


psia 

Pi 

= 

10.968 

psia 

Ti 

= 

456.6 

deg.R 

T[ 

= 456.6 

deg.R 

Ti 

= 

559.3 

deg.R 

T, 

= 

559.3 

deg.R 

Pti 

= 

11.19 

psia 

pt 

r T\ 


psia 

Pi-2 

= 

19.32 

psia 

Pri 


35.76 

psia 

Tt i 

= 

512.7 

deg.R 

r T , 

= 666.3 

deg.R 

Tti 


652.4 

deg.R 

Tti 

= 

779.7 

deg.R 


MIXED STA TION AVERAGES 


[ Inlet 

Ej 

tit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.784 


M[ 

= 1.515 


Mi 

= 0.714 


m 7 

S 

1.259 


Vi 

= 

820.9 

ft /sec 

V{ 

= 1587.3 

ft /sec 

Vi 

= 851.1 

ft/sec 

Vi 

= 

1501.3 

ft /sec 

Q\ 

— - 

0.00 

deg. 

Q l 

= 58.86 

deg. 

<*i 

= 7.86 

deg. 

<* 2 

= 

-55.83 

deg. 

Pi 

= 

7.458 

psia 

PI 

= 7.458 

psia 


= 12.870 

psia 

P2 

= 

12.870 

psia 

Ti 

— 

456.6 

deg.R 

T[ 

= 456.6 

deg.R 

Ti 

= 592.1 

deg.R 

Ti 

= 

592.1 

deg.R 

Pt i 

— 

11.19 

psia 

pt 
*T 1 


psia 

^ra 

= 18.07 

psia 

Pri 

S Z 

33.72 

psia 

Tti 

= 

512.7 

deg.R 

T h.. 

= 666.3 

deg.R 

Jh- 

= 652.4 

deg.R 

Tti 

= 

779.7 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/ Pti 

= 

0.6900 

Vi/Vi 


1.9590 

Pi/ Pi 

= 

1.4707 

Ti/Ti 

= 

1.2249 

Pri/ P ti 

= 

3.1968 

Tti /Tti 


1.5208 

W/H ti 

= 

0.5479 

Jk 

= 

0.7187 


MIXED 

PERFORMANCE 


^rs/^ri 

= 

0.6454 

Vi/Vi 

= 

1.8289 

Pl/Pl 

= 

1.7256 

Ti/Ti 

= 

1.2967 

Pti/ Pti 

= 

3.0142 

Tti /Tti 

= 

1.5208 

W/Hti 

= 

0.5479 

Jk 

= 

0.6763 
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VPR-6.1-t4 



CONDITIONS: (Transonic) 




Pti 

= 11.19 psia 


Tt i 

= 512.7 deg.R 

Vr = 

1358.6 

ft /see 

Pi/Pri 

= 1.050 


A 3 /Ai = 0.8258 

Mr = 

1.29 


yen 

= 1366.6 

ft/sec 

W c /A = 46.59 


Inlet 

Exit | 

| Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

kssi 


M[ 

= 1.495 


Ml 


0.794 


A/a 

— 

1.315 


Vt 


792.6 

ft/sec 

V{ 

= 1572.9 

ft /sec 

Vi 

= 

935.3 

ft/sec 

Va 

= 

1548.8 

ft/sec 

Q\ 

= 

0.00 

deg. 


= 59.74 

deg. 

a i 

=r 

7.27 

deg. 

Or 3 

= 

-53.20 

deg. 

Pi 

= 

7.677 

psia 

Pi 

= 7.677 

psia 

Pi 

= 

11.709 

psia 

Pi 

= 

11.709 

psia 

Ti 


460.4 

deg.R 

T[ 

= 460.4 

deg.R 

r. 

=s 

576.9 

deg.R 

Ti 


576.9 

deg.R 

Pri 

SE 

11.19 

psia 

Pti 

= 28.00 

psia 

Pf 3 

= 

18.61 

psia 

Pr2 

= 

34.46 

psia 

Tn 


512.7 

deg.R 


= 666.3 

deg.R 

Jh L_ 

= 

653.9 

deg.R 


= 

780.8 

deg.R 


| Inlet 

Exit | 

1 Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.754 


M[ 

SS 

1.495 


Mi 

zz 

0.677 


Mi 

= 

1.232 


Vi 

= 

792.6 

ft/sec 

V{ 

= 

1572.9 

ft/sec 

Vi 

= 

812.2 

ft/sec 

Vi 

= 

1477.7 

ft/sec 

Ot\ 

=r 

0.00 

deg. 

Q i 

= 

59.74 

deg. 

“j 

sz 

8.38 

deg. 

a 3 


-57.06 

deg. 

Pi 

= 

7.677 

psia 

Pi 


7.677 

psia 

Pi 

= 

12.968 

psia 

Pi 

= 

12.968 

psia 

Ti 

= 

460.4 

deg.R 

Ti 

= 


deg.R 

n 

s 


deg.R 

Ti 

s 

599.0 

deg.R 

Pri 

— 

11.19 

psia 

n i 



psia 



17.63 

psia 

PT2 

s 

32.78 

psia 

Tt i 

= 

512.7 

deg.R 


= 


deg.R 

Jh . 

= 

653.9 

deg.R 


= 

780.8 

deg.R 


UNMIXED 

PERFORMANCE 


Pri/Pr i 


0.6646 

Vi/Vi 

= 

1.9540 

Pi/Pi 

s 

1.5251 

Ti/Ti 

= 

1.2531 

Pn/ Pri 

= 

3.0801 

Tn/Tri 

= 

1.5229 

W/Hti 

SB 

0.5470 

Jls 

= 

0.6930 


MIXED 

PERFORMANCE 


Pri/ P ti 

= 

0.6296 

Vi/Vi 

= 

1.8643 

Pi/Pi 

S 

1.6891 

Ti/Ti 

= 

1.3011 

Pn/Pri 

— 

2.9302 

Tri/Tri 

SB 

1.5229 

W/Hti 

= 

0.5470 

Jk 

= 

0.6573 
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VPR-6.2-tl 


nFOMETRY 


Front Blade: 


Aft Blade: 


Upper: 

Lower: 




11.5000 


5.5000 


-23.0000 


0.0000 


Ct 


0.5000 


02 


-11.5000 


Cl 



4.0000 

29.3700 

47.8900 | 


c 

23.0000 


11.0000 


d 

0.0000 


0.0000 


Upper: 

Lower: 


1 0i 1 

a 

b 

Ct 

$2 

c 

d 

IbioMI 

-331.94 

1213.1 

0.1500 

-14.2500 

30.9350 

-6.6881 

8.2500 

-16.50 

0.0000 

0.5000 


16.50001 

0.0000 



Cl 

0c 

a 



6.0000 

21.6200 



rnivnTTTnNS: ('Transonic') 



UimiALU OlA 

Inlet 

Ei 

at 

Absolute 

Relative 

Relative 

Absolute 

Mi 



0.754 


M{ 

= 1.496 


A/j 

= 

0.989 


M 3 

= 

1.355 


Vi 



793.5 

ft/sec 

V{ 

= 1573.3 

ft/sec 

Vi 

= 

1137.7 

ft/sec 

v 3 

= 

1558.1 

ft/sec 

Q\ 

— 

0.00 

deg. 

of x 

= 59.71 

deg. 

“a 


13.32 

deg. 

Q2 

s 

-44.72 

deg. 

A 



7.671 

psia 

Pi 

= 7.671 

psia 

Pi 

= 

9.519 

psia 

Pt 

25 

9.5 19 

psia 

T\ 



460.3 

deg.R 

T[ 


deg.R 

Ti 

= 


deg.R 

1 a 



deg.R 


= 

11.19 

psia 

Pti 


psia 

Pti 



psia 

Pt3 



psia 

Tt i 

= 

512.7 

deg.R 

_2a_ 

= 666.3 

deg.R 

Jh. 

= 

662.9 

deg.R 

Tt3 


757.1d 

deg.R 


I Inlet 

Absolute 

Relative f 

Mi 

= 

0.754 



= 1.496 


Vi 


793.5 

ft/sec 

V{ 

= 1573.3 

ft/sec 

ai 

— 

0.00 

deg. 

«i 

= 59.71 

deg. 

Pi 


7.671 

psia 

Pi 

= 7.671 

psia 

T i 

= 

460.3 

deg.R 

T{ 


deg.R 

Pr i 

— 

11.19 

psia 

Pti 


psia 

Tt i 

= 

512.7 

deg.R 

JlL. 

= 666.3 

deg.R 


STATION AVERAGES 


Exit 


Relative 


Absolute 
= 1.196 


MJ 

n 

®a 

Pi 

n 

PT2 

2 h- 


0.794 

943.9 
16.13 
11.604 
588.7 
17.58 

662.9 


ft/sec 

deg, 

psia 

deg.R 

psia 

deg.R 


Mj 

V, 

<*a 

Pi 

T 7 

Pti 

Tt 3 


1422.8 

-50.41 

11.604 

588.7 

28.00 

757.2 


ft/sec 

deg. 

psia 

deg.R 

psia 

deg.R 


UNMIXED 
PERFORMANCE 


MIXED 
PERFORMANCE 


Pt 7 / Pti 

= 

0.6929 

V 3 /V 1 


1.9636 

Pi/ Pi 


1.2410 

Ti/T i 


1.1954 

Pti/ Pti 

= 

2.7243 

Tti/Tti 

= 

1.4770 

W/H ti 

= 

0.4836 

Vc 


0.6856 


Pj* i/Pt i 

= 

0.6276 

V,/Vi 

= 

1.7932 

Pa/Pi 

= 

1.5127 

T 3 /T 1 


1.2791 

Pn/Pri 

= 

2.5028 

Tti/Tti 

= 

1.4770 

W/Hti 


0.4836 

Jls 

= 

0.6197 











































VPR-6.2-t2 


Front Blade: 


Aft Blade: 


GEOMETRY. 


Upper: 

Lower: 


01 

a 

b 

Cr 

02 

c 

d 

11.5000 

-23.0000 

0.0000 

0.5000 

-11.5000 

23.0000 

0.0000 

5.5000 

-11.0000 

0.0000 

0.5000 

Mraiiw 

11.0000 

0.0000 


Cl 


4.0000 


Pd 


ttign 


29.3700 


form 


47.8900 


Upper: 

Lower: 


01 

a 

b 

Cr 

02 

c 

d 

30.7700 

earn 

1213.1 

0.1500 

-14.2500 

30.9350 

-6.6881 

8.2500 

-16.50 

0.0000 

0.5000 


16.5000 

0.0000 



C2 

Pc 






6.0000 

21.6200 





CONDITIONS; (Transonic) 



Pti = 

11.19 psia 

Tti 

= 512.7 deg.R 

Vr = 

1358.6 ft/sec 

P 2 /Pri = 0.920 


A 2 /Ai = 0.8258 

Mr = 

1.29 

V Cn = 1366.6 

ft/sec 

W c /A = 46.62 


ION AVERAGES 


| Inlet 

Exit 

| Absolute 

Relative 

Relative 

Absolute 


= 

0.755 


Mi 

= 1.496 


Mi 

= 



M 2 


1.331 


Vi 

= 

793.5 

ft/sec 

V{ 

= 1573.4 

ft/sec 

Vi 



ft /sec 

v 2 

= 

1547.3 

ft/sec 


= 

0.00 

deg. 

a 'i 

= 59.71 

deg. 

«i 

= 

12.16 

deg. 

Q2 

= 

-46.97 

deg. 

Pi 


7.670 

psia 

Pi 


psia 

Pi 



psia 

Pi 

= 

10.250 

psia 

Ti 

= 

460.3 

deg.R 

T{ 


deg.R 

Ti 

= 

562.1 

deg.R 

t 2 

= 

562.1 

deg.R 

Pri 

= 

11.19 

psia 

Pti 


psia 

Pti 

= 

19.51 

psia 

Pt 2 

= 

31.64 

psia 

Tti 

= 

512.7 

deg.R 

*fl 

= 666.3 

deg.R 

Jh. _ 

= 

665.1 

deg.R 

Tt a 

= 

767.2 

deg.R 


MIXED STATION AVERAGES 


Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

rr 



Mi 

= 

1.496 


Mi 

= 



m 2 

S= 

1.186 


Vi 

= 

793.5 

ft/sec 

Vi 

= 

1573.4 

ft /sec 

Vi 

= 

891.8 

ft/sec 

Va 

= 

1422.3 

ft /sec 


s 

0.00 

deg. 


= 

59.71 

deg. 

“a 

= 

14.78 

deg. 

0 2 

= 

-52.68 

deg. 

Pi 

s 

7.670 

psia 

Pi 

= 

7.670 

psia 

Pi 

= 

12.236 

psia 

P a 

= 

12.236 

psia 

Ti 

= 

460.3 

deg.R 

Ti 

= 


deg.R 

Ti 


598.9 

deg.R 

t 2 

= 

598.9 

deg.R 

Pri 

= 

11.19 

psia 

Pti 

= 

28.00 

psia 

Pti 

= 

17.66 

psia 

Pri 

= 

29.12 

psia 

Tti 

= 

512.7 

deg.R 

T n 

= 

666.3 

deg.R 

Jh. 


665.1 

deg.R 

Tti 

s 

767.2 

deg.R 


UNMDCED 

PERFORMANCE 


Pti/Pti 

= 

0.6968 

Vi/Vx 

= 

1.9499 

Pi/ Pi 

= 

1.3363 

T 2 /T\ 

= 

1.2213 

Pri/ Pri 

= 

2.8285 

Tti /Tti 

= 

1.4965 

W/H t 1 

= 

0.4989 

Jk 


0.6933 


MIXED 

PERFORMANCE 


Pti/ Pti 

= 

0.6307 

V 2 /Vi 

sc 

1.7924 

Pi/ Pi 

— 

1.5953 

T 2 /Ti 

= 

1.3012 

Pti/ Pti 

= 

2.6031 

Tti/Tti 

5= 

1.4965 

W/Hti 

= 

0.4989 

Jk 

= 

0.6300 
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VPR-6.2-t3 


Front Blade: 


Aft Blade: 


CTOMETRY 


Upper: 

Lower: 


9i 


11.5000 


-23.0000 


0.0000 


Or 


0.5000 


07 


-11.5000 


Cl 



4.00001 

29.3700 

47.8900 | 


c 

23.0000 


11.0000 


d 

0.0000 


0.0000 


Upper: 

Lower: 


0i 

* 

b 

Ct 

02 

c 


30.7700 

B&ifiSZl 

1213.1 

0.1500 

-14.2500 

30.9350 


8.2500 

-16.50 

0.0000 

0.5000 


16.5000 

0.0000 


C2 

Pc 




6.0000 

21.6200 



Vr 

= 1358.6 

Pti — 

ft/sec 

11.19 psia 

Pj/Pri = 0.980 

** . 
II 

512.7 deg.R 

Ai/A\ 

= 0.8258 

Mr 

= 1.26 

Vc n = 1366.6 

ft /sec 

Wc/A 

= 40.81 


un rniADi; JAA 

! Inlet 

LAWX-l — 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 



0.582 


M[ 

= 1.392 


Mi 



M 2 

= 

1.227 


Vi 

= 

625.1 

ft/sec 

V{ 

= 1495.5 

ft/sec 

Vi 

- 936.2 

ft /sec 

V, 

sr 

1452.0 

ft /sec 

Qri 

— 

0.00 

deg. 


= 65.29 

deg. 

a' 7 

= 13.97 

deg. 

Ct 7 

— 

-51.27 

deg. 

Pi 

— 

8.895 

psia 

Pi 

= 8.895 

psia 

Pi 


psia 

Pi 

= 

10.963 

psia 

Ti 

= 

480.1 

deg.R 

T[ 


deg.R 

n 

= 582.3 

deg.R 

Is 


582.3 

deg.R 

Pri 

— 

11.19 

psia 

Pti 


psia 

P'n 


psia 

Pri 

s 

29.24 

psia 

Tt i 

= 

512.7 

deg.R 

Jh L_ 

= 666.3 

deg.R 

r T2 

= 661.4 

deg.R 

Tt l 

— 

763.9 

deg.R 


.jJ-AaVAJL- 

| Inlet 


at 

Absolute 

Relative 

Relative 

Absolute 

Aft 



0.582 


M{ 

= 1.392 


Mi 



JVfj 


1.124 


Vi 

= 

624.8 

ft/sec 

V{ 

= 1495.4 

ft /sec 

Vi 

= 787.4 

ft /sec 

Vs 

= 


ft /sec 

a i 

— 

0.00 

deg. 

a\ 


deg. 

“s 

= 16.68 

deg. 

02 

= 

-56.54 

deg. 

P x 



8.896 

psia 

PI 

= 8.896 

psia 

Pi 

= 12.334 

psia 

Pi 

2 

12.334 

psia 

T x 

= 

480.2 

deg.R 

T{ 


deg.R 

Tj 


deg.R 

Is 

= 


deg.R 

Pri 

= 

11.19 

psia 

p » 

vri 


psia 

Pt 7 

= 16.39 

psia 

Prs 

2 2 

27.14 

psia 

Tt i 

= 

512.7 

deg.R 

jh- 

= 666.3 

deg.R 

1l2 

= 661.4 

deg.R 

Tt 2 

= 

763.9 

deg.R 


UNMIXED 
PERFORMANCE 


MIXED 

PERFORMANCE 


Pti/Ptx 

= 

0.6393 

Vs/Vi 

= 

2.3228 

P7/P1 

= 

1.2326 

Ti/Ti 

= 

1.2127 

Pri/Pri 

= 

2.6138 

Tti/Tti 

= 

1.4900 

W/Hti 


0.4996 

Jk 

= 

0.6323 


PtiIPt 1 

= 

0.5854 

Vj/V i 

= 

2.1779 

P7/P1 

= 

1.3864 

Tl/Tl 


1.2699 

Pti/Pti 

— 

2.4260 

Tti/Tti 

= 

1.4900 

W/H t 1 

=: 

0.4996 

Jk 

s= 

0.5767 


















































VPR-6.2-t4 


Front Blade: 


Aft Blade: 


-GEOMETRY 


Upper: 

Lower: 


Oi 


11.5000 


5.5000 


-23.0000 

-11.0000 


0.0000 


0.0000 


Or 


0.5000 


0.5000 


0 1 


-11.5000 


-5.5000 


Cl 


E5SBBBB 

4.0000 

29.3700 

47.8900 | 


23.0000 


11.0000 


0.0000 


0.0000 


Upper: 

Lower: 


9i 

a 

— E — 

Or 

$2 

c 

d 

30.7700 


1213.1 

0.1500 

-14.2500 

30.9350 

-6.6881 

8.2500 

-16.50 

0.0000 

0.5000 


16.5000 

0.0000 



Cl 

0c 







6.0000 

21.6200 





CONDITIONS: (Transonic) 


v R 

= 1358.6 

•Pri 

ft/aec 

= 11.19 psia 

Pi/ Pri 

= 1.050 

Tti 

= 512.7 deg.R 

Ai/Ai = 0.8258 

Mr 

= 1.24 


ika 

= 1366.2 

ft/aec 

W c /A = 28.46 


— UNMIXED STATION AVERARP.S 

I Exit 


1 Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.361 


K 

= 1.291 


E2fl 

= 

0.564 


M 3 

— 

1.125 


V\ 


395.6 

ft/sec 

V{ 

= 1415.0 

ft/sec 

Vi 

= 

688.5 

ft/sec 

v 7 


1372.8 

ft/sec 

<*\ 

ST 

-.01 

deg. 


= 73.76 

deg. 

°i 


13.45 

deg. 


= 

-60.81 

deg. 

Pi 

zz 

10.229 

psia 

Pi 


psia 

Pi 

= 

11.744 

psia 

P a 


11.744 

psia 

Ti 

= 

499.9 

deg.R 

n 

= 499.9 

deg.R 

Tj 


619.5 

deg.R 

T 3 

— 

619.5 

deg.R 

Prx 


11.19 

psia 

Pt i 

= 27.99 

psia 

Pt a 


14.92 

psia 

Pri 

— 

26.33 

psia 

Tti 

= 

512.9 

deg.R 

r Tl 

= 666.5 

deg.R 

^2 


661.5 

deg.R 

Tti 

— 

778.9 

deg.R 

MIXED STATU 

3N AVERAGES 


Inlet 

I "Exit ' | 

Absolute 

Relative 

i Relative 

Absolute 

Mi 

= 

0.360 


Ml 

= 1.291 


Mi 

ZZ 



M 2 


1.095 


Vi 

= 

394.5 

ft/sec 

V{ 

= 1414.7 

ft/sec 

Vi 

= 

631.2 

ft/sec 

v 3 

= 

1345.0 

ft/sec 

Qfl 

s 

-.01 

deg. 


= 73.81 

deg. 

“a 

= 

14.70 

deg. 

Ct 2 

= 

-63.01 

deg. 

Pi 

s 

10.235 

psia 

Pi 

= 10.235 

psia 

Pi 

zz 

12.150 

psia 

Pi 

— 

12.150 

psia 

Ti 

= 

500.0 

deg.R 

T[ 

= 500.0 

deg.R 

Vt 

= 

628.3 

deg.R 

Ti 

— 

628.3 

deg.R 

Pri 

= 

11.19 

psia 

Pt i 


psia 

Pt a 

= 

14.55 

psia 

Pri 

s 

25.77 

psia 

Tti 

2? 

512.9 

deg.R 

Jil_ 

= 666.5 

deg.R 

Jh. 

= 

661.5 

deg.R 

Tti 

= 

778.9 

deg.R 


UNMIXED 

PERFORMANCE 


Pt i/Pt i 

= 

0.5329 

Vi/Vi 

= 

3.4701 

Pi/Pi 

s z 

1.1480 

Ti/Ti 

zz 

1.2393 

Pri/ Pri 

= 

2.3532 

Tti /T n 


1.5185 

W/H t i 

= 

0.5284 

Jk 

= 

0.5242 


MIXED 

PERFORMANCE 


Pti/Pti 

= 

0.5196 

Vi/Vi 

S 

3.4092 

Pit Pi 

S 

1.1872 

Ti/Ti 

— 

1.2567 

Pti/Pti 

zz 

2.3021 

Tti/Tti 

= 

1.5185 

W/Hti 

= 

0.5284 

Jk 


0.5091 


70 




















































VPR-6.2-t5 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


01 


11.5000 


5.5000 


-23.0000 


- 11.0000 


0.0000 


0.0000 


Ct 


0.5000 


0.5000 


02 


-11.5000 


-5.5000 


Cl 


0Tren*onie 

4.0000 

29.3700 

47.8900 


c 

d 

23.0000 

0.0000 

11.0000 

0.0000 


Upper: 

Lower: 


0i 

a 

b 

Cr 

02 

c 

d 

30.7700 


1213.1 

0.1500 

-14.2500 

30.9350 

-6.6881 

8.2500 

-16.50 

0.0000 

0.5000 


16.5000 

0.0000 



c? 

0c 

1 






6.0000 

21.6200 





CONDITIONS: (Transonic) 


Vr 

= 1358.6 

Pn = 

ft/sec 

11.19 psia 

P i/Pri 

= 1.120 

Tt i 

= 512.7 deg.R 

At/Ai 

= 0.8258 

Mr 

= 1.23 




= 1366.6 

ft /sec 

W c /A 

= 10.81 


In 

let 

Exit 

Absolute 

Relative 

Relative 

Absolute | 

Mi 

= 

0.132 


M[ 

= 1.233 


M^ 

= 



M, 

= 

0.913 


Vi 

= 

146.3 

ft/sec 

V{ 

= 1366.5 

ft/sec 

Vi 


381.1 

ft/sec 

v 3 

= 

1142.2 

ft/sec 

<*1 

= 

0.00 

deg. 

a 'i 

= 83.85 

deg. 


= 

41.51 

deg. 



-75.53 

deg. 

Pi 

s 

11.056 

psia 

PI 


psia 

Pi 

= 


psia 

P 2 

= 

12.480 

psia 

Tx 

= 

510.8 

deg.R 

Ti 


deg.R 

n 

= 

651.4 

deg.R 

t 3 

= 

651.4 

deg.R 

P . ri 

= 

11.19 

psia 

Pt i 


psia 

pT2 

= 

13.26 

psia 

Pr 2 

= 

21.31 

psia 

Tt i 

= 

512.7 

deg.R 

1 n 

= 666.3 

deg.R 

r T2 

= 

664.2 

deg.R 

Tt 2 

= 

760.7 

deg.R 


| Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 1 

Mi 

32 

0.128 


M[ 

= 1.233 


Mi 

ST 



m 2 

= 

0.890 


Vi 

= 

141.6 

ft/sec 

vi 


ft/sec 

Vi 

= 

299.5 

ft/sec 

V, 

= 

1117.7 

ft/sec 


= 

0.00 

deg. 

«'i 

= 84.05 

deg. 

a 2 

= 

57.49 

deg. 

02 


-81.72 

deg. 

Pi 


11.064 

psia 

Pi 


psia 

Pi 

= 


psia 

P 2 

s 

12.705 

psia 

Ti 


511.0 

deg.R 

T{ 


deg.R 

Ti 

= 

656.7 

deg.R 

T 3 

= 

656.7 

deg.R 

Pr i 


11.19 

psia 

Pr i 


psia 

&T1 

= 

13.22 

psia 

Pr 2 

= 

21.25 

psia 

Tt i 

= 

512.7 

deg.R 

JK_ 

= 666.3 

deg.R 

_2j_ 

= 

664.2 

deg.R 

Tt 2 

s 

760.7 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/Pt i 


0.4736 

vyvi 

= 

7.8056 

P 2 /P 1 

= 

1.1288 

T 2 /T 1 


1.2752 

PT2/Pri 

= 

1.9044 

T T 2/Tti 

= 

1.4837 

W/Ht 1 


0.4879 

Jk 

= 

0.4142 


MIXED 

PERFORMANCE 


P'tJP'ti 

= 

0.4721 

V 3 fVi 

= 

7.8905 

P 2 /P 1 

= 

1.1483 

T,/Ti 


1.2851 

Pti/Pti 

= 

1.8989 

Ttj/Tti 


1.4837 

W/Hti 

= 

0.4879 

Vc 

= 

0.4122 
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vPR-r.i-ti 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


Upper: 

Lower: 


e i 


11.4233 


5.4233 


-25.8747 


0.0000 


Ct 


0.4445 




-11.5000 


Cl 



4.5000 

29.4467 

47.9667 | 


23.0000 


21.3771 


0.0000 


0.0000 


01 

a 

b 

Ct 

h 

c 

d 

14.2500 

-28.5000 

0.0000 

0.5000 

-14.2500 

28.5000 

0.0000 

8.2500 

-16.5000 

0.0000 

0.5000 


16.5000 

0.0000 



C* 

0c 






6.0000 

15.6200 





CONDITIONS: ( Transonic ) 


Vr 

= 1358.6 

Pti 

ft/sec 

= 11.19 psia 

P i/Pri 

= 0.920 

Tn 

= 512.7 deg.R 

A 3 /Ax = 0.8258 

Mr 

= 1.29 




= 1366.6 

ft/aec 

W c /A = 46.91 


— UNMIXED STATION AVER ACTS 

I Erit 


| Absolute 

Relative 

Relative 

Absolute 1 

M x 

= 

0.767 


M[ 

= 



A/j 




Mi 

— 

1.387 


Vi 

nr 

805.7 

ft/aec 

V{ 

= 

1579.5 

ft/sec 

Vi 

= 


ft /sec 

v 3 


1618.1 

ft/sec 

<*i 

= 

0.00 

deg. 

Q i 

= 

59.33 

deg. 

<*7 



deg. 

<*2 


-49.22 

deg. 

Pi 

= 

7.576 

psia 

PI 


7.576 

psia 

Pi 

— 


psia 

P 7 

= 

10.336 

psia 

T x 

= 

458.7 

deg.R 

T[ 

S 

458.7 

deg.R 

Ti 



deg.R 

Ti 


566.0 

deg.R 

Pri 


11.19 

psia 

Pti 

= 


psia 

P'T7 

= 

18.64 

psia 

Pr2 

- 

33.58 

psia 

Tn 


512.7 

deg.R 

V T1 

s 

666.3 

deg.R 

JT7 


664.5 

deg.R 

Tn 

S 

788.0 

dee.R 

MIXED STATION AVER A RF.S 


In 

Jet 

Exit ] 

Absolute 

Relative 

Relative 

1 Absolute 1 

Mi 

= 

0.767 


M[ 

S 

1.505 


ML 

a 

0.751 


M 2 

— 

1.264 


Vi 

= 

805.7 

ft /sec 

Vi 

= 

1579.5 

ft/sec 

Vi 

= 

899.9 

ft/sec 

Vi 

= 

1514.3 

ft/sec 



0.00 

deg. 

<*i 

= 

59.33 

deg. 


s 

8.53 

deg. 

a 2 

= 

-54.00 

deg. 

Pi 

= 

7.576 

psia 

Pi 

= 

7.576 

psia 

Pi 

a 


psia 

P 7 

= 

12.088 

psia 

Ti 

— 

458.7 

deg.R 

T{ 

= 

458.7 

deg.R 

Ti 

s 

597.1 

deg.R 

T, 


597.1 

deg.R 

Pti 

ss 

11.19 

psia 

Pti 


28.00 

psia 

Pt7 

= 

17.58 

psia 

Pn 

s 

31.91 

psia 

Tt\ 

= 

512.7 

deg.R 

Jxi_ 

=r 

666.3 

deg.R 


= 

664.5 

deg.R 

Tn 

= 

788.0 

deg.R 


UNMIXED 

PERFORMANCE 


Pt7/Pt 1 

SS 

0.6657 

Vi/Vi 

= 

2.0083 

P7/P1 

5= 

1.3642 

Ti/Ti 

= 

1.2341 

Pn/Pri 

= 

3.0013 

Tti/Tti 

a 

1.5370 

W/Hti 

= 

0.5404 

Jk 

= 

0.6826 


MIXED 

PERFORMANCE 


Pt: Pti 

= 

0.6279 

Vi/Vi 

= 

1.8795 

P7/P1 

= 

1.5955 

Ti/Ti 

= 

1.3019 

Pn/P . ti 

a 

2.8521 

Tti/Tti 

a 

1.5370 

W/Hn 

= 

0.5404 

Vc 

a 

0.6460 
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VPR-7.1-t2 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


Upper: 

Lower: 




11.4233 


5.4233 


-25.8747 


0.0000 


Ct 


0.4445 


$2 


-11.5000 


Cl 

E2&R 9 

^Trammie 

4.5000 

29.4467 

47.9667 


23.0000 


21.3771 


0.0000 

0.0000 


01 

a 

b 

Cr 

02 

c 

d 

14.2500 

-28.5000 

0.0000 

0.5000 

-14.2500 

28.5000 

0.0000 

8.2500 

-16.5000 

0.0000 

0.5000 

-8.2500 

16.5000 

0.0000 



Cj 

Pc 






6.0000 

15.6200 





CONDITIONS: (Transonic) 


V R = 1358.6 

Bn — 

ft/sec 

11.19 psia 

Pi/P ri 

= 0.980 

TVi = 

512.7 deg.R 

Ai/Ai — 0.8258 

Mr = 1.29 

y Cn 

= 1366.6 

ft/aec 

W c /A - 46.90 


! Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute i 

Mi 

= 

0.767 


M[ 



Mi 

= 



M 2 

= 

1.350 


Vi 

= 

804.9 

ft/sec 

V{ 

= 1579.1 

ft/sec 

Vi 



ft/sec 

Vi 

rr 

1585.4 

ft/sec 



0.00 

deg. 

*i 

= 59.36 

deg. 

a 2 

= 

7.26 

deg. 

C*2 

= 

-50.96 

deg. 

Pi 


7.582 

psia 

pi 

= 7.582 

psia 

Pi 

= 


psia 

P 7 

s 

11.016 

psia 

T i 

— 

458.8 

deg.R 

a 

= 458.8 

deg.R 

A 

= 

573.8 

deg.R 

A 

— 

573.8 

deg.R 

Pr i 

= 

11.19 

psia 

Pti 


psia 

P'n 

= 

18.67 

psia 

Pr i 

SE 

33.94 

psia 

7xi 

= 

512.7 

deg.R 

T tx 

= 666.3 

deg.R 

JhL. 

zz 

661.9 

deg.R 

Tn 

^Z 

786.8 

deg.R 


f Inlet 

Exit 

1 Absolute 

Relative 

Relative 

Absolute 

Mi 

— 

0.767 





Mi 



M 2 

= 

1.253 


Vi 

— 

804.9 

ft/sec 

V{ 

= 1579.1 

ft/sec 

Vi 


ft/sec 

Vi 

= 

1502.7 

ft/sec 


= 

0.00 

deg. 


= 59.36 

deg. 

«'i 

= 8.41 

deg. 

02 

SS 

-55.03 

deg. 

Pi 

= 

7.582 

psia 

p[ 

= 7.582 

psia 

Pi 

= 12.447 

psia 

Pi 


12.447 

psia 

T\ 


458.8 

deg.R 

T[ 

= 458.8 

deg.R 

A 

= 598.8 

deg.R 

A 

= 

598.8 

deg.R 

P n 

— 

11.19 

psia 

pt 
r j*. 


psia 

Pri 

= 17.67 

psia 

Pn 

= 

32.36 

psia 

Txi 

= 

512.7 

deg.R 

_Zx i_ 

= 666.3 

deg.R 

r T2 

= 661.9 

deg.R 

Tn 

= 

786.8 

deg.R 


UNMIXED 

PERFORMANCE 


P T2/ P T1 

= 

0.6668 

Vi/Vi 

= 

1.9696 

Pi/P I 

= 

1.4528 

A/Ti 

= 

1.2507 

Pn/Pri 

= 

3.0335 

Txj/Txi 


1.5346 

W/H t 1 

= 

0.5431 

Jk 


0.6869 


MIXED 

PERFORMANCE 


Pri/Pr 1 


0.6311 

Vi/Vi 

= 

1.8670 

Pi/P 1 

= 

1.6416 

A/Ti 

= 

1.3053 

Pn/Pr 1 

35 

2.8922 

Txa/Txi 

= 

1.5346 

W/Hti 

= 

0.5431 

Jk 

— 

0.6527 
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VPR-7.1-t3 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


Oi 

a 

b 

C T 

$2 

c 

d 

11.4233 

-25.8747 

0.0000 

0.4445 

-11.5000 

23.0000 

0.0000 

5.4233 

-12.3748 

0.0000 

0.8889 

-1.9517 

21.3771 

0.0000 


Cl 

&De*ign 


4.5000 

29.4467 

47.9667 | 


Upper: 

Lower: 


6\ 

a 

b 

C T 

$2 

c 

— a — 

14.2500 

-28.5000 

0.0000 

0.5000 

-14.2500 

28.5000 

0.0000 

8.2500 

-16.5000 

0.0000 

0.5000 

-8.2500 

16.5000 

0.0000 



Cj 

0c 






6.0000 

15.6200 





CONDITIONS: (Transonic) 


Vr 

= 1358.6 

Pn = 

ft/sec 

11.19 psia 

P,/Pri 

= 1.050 

Tt i 

= 512.7 deg.R 

At/Ax 

= 0.8258 

Mr 

= 1.29 


YSm. 

= 1366.6 

ft/sec 

W c /A 

= 46.93 


Inlet 

Exit I 

Absolute 

Relative 

Relative 

Absolute ! 

Mi 

= 

0.768 


M[ 

i ma 


Ml 

55 



Mi 

S 

1.330 


Vi 


806.5 

ft /sec 

V{ 

= 1579.9 

ft/sec 

Vi 

55 

979.2 

ft /sec 

V, 

S 

1570.0 

ft/sec 


= 

0.00 

deg. 


= 59.31 

deg. 


= 

7.33 

deg. 

OT2 

35 

-51.79 

deg. 

Pi 

= 

7.570 

psia 

Pi 


psia 

Pi 

= 

11.719 

psia 

P, 

= 

11.719 

psia 

Ti 

= 

458.5 

deg.R 

T[ 

= 458.5 

deg.R 

Ti 

55 


deg.R 

I a 

= 

580.3 

deg.R 

Pr i 


11.19 

psia 

Pt i 


psia 

P'ti 

= 

19.22 

psia 

Pr, 

— 

35.04 

psia 

Tr i 

= 

512.7 

deg.R 

Jh - 

= 666.3 

deg.R 

Jh _ 

= 

663.9 

deg.R 

T t , 

= 

789.2 

deg.R 


MIXED STATION AVERAGES 


Inlet 

1 Exit | 

Absolute 

Relative 

Relative 

Absolute 

Mi 

=5 

0.768 


M{ 




Mi 

52 



Mi 


1.214 


Vi 

S5 

806.5 

ft/sec 

V{ 

= 

1579.9 

ft/sec 

Vi 

=5 


ft/sec 

V, 


1469.1 

ft/sec 


55 

0.00 

deg. 

°i 

5= 

59.31 

deg. 


= 


deg. 

a 7 

55 

-57.11 

deg. 

Pi 

55 

7.570 

psia 

PI 

S 

7.570 

psia 

Pi 

S 

13.503 

psia 

p. 

55 

13.503 

psia 

Ti 

= 

458.5 

deg.R 

T{ 

S 

458.5 

deg.R 

Ti 

= 


deg.R 

T, 

=5 

609.6 

deg.R 

Pr i 


11.19 

psia 

Pt i 

= 


psia 

Pn 

= 


psia 

Pn 


33.34 

psia 

Tt i 

= 

512.7 

deg.R 

Jh _ 


666.3 

deg.R 

Jh. 

3 : 

663.9 

deg.R 

T t , 

= 

789.2 

deg.R 


UNMIXED 

PERFORMANCE 


Pt,/Pti 

=5 

0.6864 

V,/Vi 

= 

1.9467 

P,/Pi 

55 

1.5480 

T,/Ti 

S 

1.2654 

Pn/Pn 

55 

3.1324 

Tn/Tri 

= 

1.5394 

W/Hti 

55 

0.5441 

Jk 

= 

0.7089 


MIXED 

PERFORMANCE 


Pt,/ Pti 

= 

0.6500 

V,/Vi 

55 

1.8216 

P,/P i 

= 

1.7837 

T,/Ti 

55 

1.3294 

Pr,/Pn 

5= 

2.9803 

Tn/Tn 

SS 

1.5394 

W/Hti 

= 

0.5441 

Jk 

= 

0.6729 
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VPR-7.1-t4 


Front Blade: 


Upper: 

Lower: 




01 

a 

b 

C T 

*2 

C 

d 

11.4233 

-25.8747 

0.0000 

0.4445 

-11.5000 

23.0000 

0.0000 


-12.3748 

0.0000 

0.8889 


21.3771 

0.0000 


ci 


4.5000 


0De*i§n 


29.4467 


fh\ 


'rantonie 


47.9667 


Aft Blade: 


Upper: 

Lower: 


01 

a 

b 

C T 

0 2 

c 

d 

14.2500 

-28.5000 

\mm 

0.5000 

-14.2500 

28.5000 

0.0000 

8.2500 

-16.5000 

0.0000 

0.5000 


16.5000 

0.0000 



ca 

0c 






6.0000 

15.6200 





CONDITIONS: (TYansonic) 


V R = 1358.6 

Pri — 

ft/sec 

11.19 psia 

P ,/Pri 

= 1.120 

Tn = 

512.7 deg.R 

Aj/Ai = 0.8258 

Mr = 1-29 

Vc„ 

= 1366.6 

ft/sec 

Wc/A = 46.41 


| Inlet 

Ei 

:it 

Absolute 

Relative 

Relative 

Absolute 




0.746 


M{ 

= 1.491 


Mi 




M 3 




Vi 

= 

785.7 

ft/sec 

V{ 

= 1569.4 

ft /sec 

Vi 

= 


ft/sec 


= 


ft/sec 

Ql 

— 

0.00 

deg. 


= 59.96 

deg. 

“2 

= 


deg. 

a 3 

s 

-54.13 

deg. 

Pi 



7.731 

psia 

P[ 

= 7.731 

psia 

P 2 

s= 

12.661 

psia 

ft 

= 

12.661 

psia 

T x 

= 

461.3 

deg.R 

7T 

= 461.3 

deg.R 

75 

=: 

592.3 

deg.R 

r 2 


592.3 

deg.R 

Prx 

— 

11.19 

psia 

Pti 


psia 

Pfj 

= 

19.38 

psia 

Pr2 

~ 


psia 

Tn 

= 

512.7 

deg.R 

r Tl 

= 666.3 

deg.R 

r T2 


664.6 

deg.R 

Tt2 

= 

786.4 

deg.R 


Inlet 

Ex 

:it 

Absolute 

Relative 

Relative 

Absolute 

Mi 



0.746 


MJ 

= 1.491 


Mi 

= 



M a 


1.156 


Vi 



785.7 

ft/sec 

V{ 

= 1569.4 

ft/sec 

Vi 

= 

727.3 

ft/sec 

Vj 

= 

1411.7 

ft/sec 

ai 

_ 

0.00 

deg. 

Ot\ 

= 59.96 

deg. 

*'2 

= 

11.14 

deg. 

02 

= 

-59.64 

deg. 

p , 



7.731 

psia 

P[ 

= 7.731 

psia 

Pi 

2= 

14.258 

psia 

ft 

= 

14.258 

psia 

Ti 



461.3 

deg.R 

T[ 

= 461.3 

deg.R 

n 

= 


deg.R 

T a 

= 

620.6 

deg.R 

i^i 



11.19 

psia 

p* 

* 7*1 

= 28.00 

psia 

Pj 2 

= 

18.12 

psia 

Pri 

s 

32.67 

psia 

Tti 

= 

512.7 

deg.R 

Jh _ 

= 666.3 

deg.R 

_Zzi_ 

— 

664.6 

deg.R 

Tt2 

= 

786.4 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/Pt i 

= 

0.6921 

V 2 /V 1 

= 

1.9133 

P 2 /P 1 

= 

1.6377 

Tj/Tj 


1.2840 

Pt2/Pt\ 


3.0837 

Tti/Tti 


1.5340 

W/H ti 

= 

0.5373 

*?c 

= 

0.7064 


MIXED 

PERFORMANCE 


ft* 2 /^Tl 

= 

0.6471 

Va/Vi 


1.7969 

P2/P1 

= 

1.8443 

T2/T1 

= 

1.3452 

Pt 2 /Pt 1 


2.9201 

Txa/Tri 

= 

1.5340 

W/Hti 

= 

0.5373 

Vc 


0.6667 
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VPR-9f-tl 


GEOMETRY 


Upper: 


Front Blade: 


01 

a 

b 

Cr 

02 

C 

— r~ 

8.5000 

-17.0000 

0.0000 

0.5000 


17.0000 

0.0000 

2.5000 


0.0000 

0.5000 

-2.5000 

5.0000 

0.0000 


Cl 

^Design 

0Trantonic 

4.0000 

32.3700 

50.8900 


CONDITIONS: (Transonic) 




Pri — 

11.19 psia 

Tt i 

= 512.7 deg.R 

V R = 

1358.6 

ft /sec 

Pi/Pri = 0.900 


Ail A x = 0.8677 

Mr = 

1.29 


V c „ = 1366.6 

ft /sec 

W c /A = 45.92 


Inlet 

Exit j 

| Absolute 

Relative 

Relative 

Absolute 


= 

0.727 


M'x 

= 1.478 


Mi 

= 

1.162 


M 2 


0.815 


Vi 

= 

767.6 

ft/sec 

VI 

WMm I 

ft/sec 

Vi 

= 

1299.1 

ft /sec 

V, 

= 

907.5 

ft/sec 

<*1 

= 

0.00 

deg. 


m 

deg. 

a 2 

= 

50.62 

deg. 

<*2 

ss 

-21.61 

deg. 

Pi 

= 

7.868 

psia 

Pi 

= 7.868 

psia 

Pi 

= 

10.387 

psia 

P 2 

ss 

10.387 

psia 

Tx 


463.6 

deg.R 

Ti 

= 463.6 

deg.R 

n 

= 

519.8 

deg.R 

T 2 

s 

516.5 

deg.R 

Pri 

= 

11.19 

psia 

Pt i 


psia 

PT2 

= 

25.50 

psia 

P ra 

sr 

16.64 

psia 

Tt i 

SS 

512.7 

deg.R 

J£l_ 

= 666.3 

deg.R 

7} 2 

= 

663.5 

deg.R 

Tt 2 

= 

585.8 

deg.R 


| Inlet 

Exit | 

1 Absolute 

Relative 

Relative 

Absolute j 

Mi 


0.727 


M'x 

= 

1.478 


Mi 


1.044 


M j 

— 

0.636 


Vx 

= 

767.6 

ft/sec 

V{ 

= 

1560.5 

ft/sec 

Vi 

= 

1194.7 

ft/sec 

Vi 

s 

726.0 

ft/sec 


= 

0.00 

deg. 

a i 

=: 


deg. 

<*2 

ss 

56.89 

deg. 

<*2 

= 

-27.72 

deg. 

Pi 

= 

7.868 

psia 

Pi 

= 

7.868 

psia 

Pi 

= 

11.801 

psia 

P 2 

= 

12.064 

psia 

Tx 

= 

463.6 

deg.R 

Tx 

= 

463.6 

deg.R 

Ti 


544.8 

deg.R 

Ti 

ss 

542.0 

deg.R 

Pri 

= 

11.19 

psia 

Pti 

= 


psia 

Pn 


23.54 

psia 

P n 

zz 

15.84 

psia 

Tt 1 

= 

512.7 

deg.R 

111 

= 

666.3 

deg.R 

Jl 2_ 

= 

663.5 

deg.R 

Tt 2 

= 

585.8 

deg.R 


UNMIXED 

PERFORMANCE 


Pt2/Pti 

S 

0.9109 

Vi/Vx 

= 

1.1822 

P 2 /P 1 

= 

1.3202 

Ti/Tx 

= 

1.1141 

Pn/ Pti 

= 

1.4878 

Tn/Tri 

= 

1.1427 

W/Htx 

= 

0.1490 

Jk 

= 

0.8069 


MIXED 

PERFORMANCE 


Pri/Pr 1 

= 

0.8407 

Vi/Vx 


0.9457 

Pi/P 1 

= 

1.5333 

Ti/Tx 

ss 

1.1690 

Pn/ Pri 

s 

1.4161 

Tn/Tri 

=r 

1.1427 

WfH T x 


0.1490 

Jk 


0.7015 


76 










































VPR-9f-t2 


Front Blade: 


GEOMETRY 


Upper: 

Lower: 


01 

a 

b 

Cr 

$2 

c 

d 

8.5000 

-17.0000 

0.0000 

0.5000 


17.0000 

0.0000 

2.5000 


0.0000 

0.5000 

-2.5000 

5.0000 

0.0000 



Cl 


m 

9 







4.0000 

32.3700 

50.8900 





CONDITIONS: (Transonic) 


Vr = 

1358.6 

Pti = 

ft/sec 

11.19 psia 

Pi/ P ti 

= 1.000 

Tt i 

= 512.7 deg.R 

M/M 

= 0.8677 

Mr = 

1.29 

Yc* 

= 1366.6 

ft/sec 

W c /A 

= 46.11 


WAn 

Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.734 


M[ 

= 1.483 


Mi 


1.122 


Mj 




Vi 

— 

774.5 

ft/sec 

v( 

= 1563.8 

ft /sec 

Vi 

= 

1265.3 

ft/sec 

v. 

sr 


ft /sec 

Q\ 

= 

0.00 

deg. 

a l 


deg. 

q 2 

= 

49.64 

deg. 

a 7 

= 

-23.82 

deg. 

p 1 


7.816 

psia 

Pi 

= 7.816 

psia 

Pi 

= 

11.126 

psia 

Pi 

s 

11.126 

psia 

2i 

— 

462.7 

deg.R 


= 462.7 

deg.R 

Pi 

= 

529.2 

deg.R 

T 2 

s 


deg.R 

P . ri 

— 

11.19 

psia 

Pti 


psia 

Pti 

= 

25.91 

psia 

Pri 

= 

17.93 

psia 

Tti 

= 

512.7 

deg.R 

jii_ 

= 666.3 

deg.R 

r T2 

= 

664.3 

deg.R 

Tti 

ZZ 

595.3 

deg.R 


Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 


0.734 


M[ 

= 1.483 


Mi 



M 2 

— 

0.613 


Vi 

= 

774.5 

ft/sec 

V{ 

= 1563.8 

ft /sec 

Vi 

= 1136.3 

ft/sec 

V, 

r= 

707.3 

ft/sec 

Oil 

= 

0.00 

deg. 

oi\ 


deg. 

“2 

= 57.64 

deg. 

Oil 

= 

-32.11 

deg. 

Pi 

7— 

7.816 

psia 

Pi 

= 7.816 

psia 

Pi 

= 12.855 

psia 

Pi 

= 

13.137 

psia 

Tx 


462.7 

deg.R 

T{ 

= 462.7 

deg.R 

Ti 

= 556.9 

deg.R 

t 2 

s 

553.7 

deg.R 

Pti 

= 

11.19 

psia 

Pti 


psia 

Pti 

= 23.84 

psia 

Pr 1 

zz 

16.93 

psia 

Tti 

= 

512.7 

deg.R 

t ti 

= 666.3 

deg.R 

Jh- 

= 664.3 

deg.R 

Tti 

z z 

595.3 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/ Pti 

= 

0.9256 

Vi/Vi 

= 

1.1881 

P 1 /P 1 

= 

1.4235 

T 2 /Ti 

= 

1.1368 

Pti/Pt\ 

= 

1.6030 

Tti /Tti 

= 

1.1613 

W/H t 1 

= 

0.1658 

Jk 


0.8704 


MIXED 

PERFORMANCE 


Pti/Pti 

= 

0.8515 

Vi/Vi 


0.9133 

Pit Pi 

= 

1.6808 

T 1 /T 1 

= 

1.1966 

Pn/P ri 

= 

1.5136 

Tti/Tti 


1.1613 

W/H t 1 

= 

0.1658 

Vc 

= 

0.7581 
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VPR-9f-t3 


Front Blade: 


GEOMETRY 


Upper: 

Lower: 


01 

a 

— b 

C r 

02 

c 

d 

8.5000 

-17.0000 

0.0000 

0.5000 


17.0000 

0.0000 

2.5000 


0.0000 

0.5000 

-2.5000 

5.0000 

0.0000 



E281R81 

4.0000 | 32.3700 

50.8900 


CONDITIONS; (Transonic) 


Vr = 

1358.6 

Pn 

ft/sec 

= 11.19 psia 

P. a/Pri 

= 1.080 

Tti 

= 512.7 deg.R 

Ai/A i 

= 0.8677 

Mr = 

1.29 


Vc. 

= 1366.6 

ft/sec 

W c /A 

= 46.06 


Inlet 

Exit | 

| Absolute 

Relative 

Relative 

Absolute 

M t 

= 

mwEM 


M{ 

= 1.482 


Mi 

= 



Mi 


0.838 


Vi 

= 

772.5 

ft /sec 

v{ 

= 1562.8 

ft/sec 

Vi 

= 

1238.4 

fl/sec 

V, 

= 

948.5 

ft/sec 

<*l 

= 

0.00 

deg. 

«i 

= 60.38 

deg. 

“a 

= 

48.01 

deg. 

Qrj 


-25.84 

deg. 

Pi 


7.831 

psia 

Pi 

= 7.831 

psia 

Pi 

= 

11.549 

psia 

Pa 

~ 

11.549 

psia 

Tx 

= 

463.0 

deg.R 

T[ 

= 463.0 

deg.R 

7 a 


535.7 

deg.R 

Ti 

= 

532.5 

deg.R 

Pri 

s 

11.19 

psia 

P'tx 

= 28.00 

psia 

Pra 

= 

25.81 

psia 

Pra 

— 


psia 

Tti 

s 

512.7 

deg.R 

Jh L_ 

= 666.3 

deg.R 

v n 

= 

664.8 

deg.R 

Tn 

= 

605.3 

deg.R 


1 Inlet 

f Exit | 

Absolute 

Relative 

Relative 

Absolute | 

Mi 

= 

0.732 


Mi 

= 

1.482 


Ml 

= 



Mi 


0.611 


Vi 


772.5 

ft/sec 

V{ 


1562.8 

ft /sec 

Vi 


1087.5 

ft/sec 

Vi 


710.8 

ft/sec 



0.00 

deg. 




deg. 

“a 

= 

57.45 

deg. 

<*2 

= 

-35.93 

deg. 

Pi 


7.831 

psia 

Pi 


7.831 

psia 

Pi 

= 

13.533 

psia 

Pa 

SS 

13.843 

psia 

Tx 


463.0 

deg.R 

Ti 

= 

463.0 

deg.R 

Ti 

= 

566.4 

deg.R 

Ta 

= 

563.2 

deg.R 

Pr i 

= 

11.19 

psia 

PJrx 

= 


psia 

Pr a 


23.71 

psia 

Pra 


17.81 

psia 

Tti 


512.7 

deg.R 


= 

666.3 

deg.R 


= 

664.8 

deg.R 

Tn 

= 

605.3 

deg.R 


UNMIXED 

PERFORMANCE 


Pra/Pri 

= 

0.9220 

Vi/Vx 


1.2279 

Pa/Pi 

= 

1.4747 

Ti/Tx 

= 

1.1502 

Pra/Pri 

= 

1.6891 

Tti /Tti 

= 

1.1806 

W/Htx 

= 

0.1840 

Jk 

= 

0.8781 


MIXED 

PERFORMANCE 


Pra/Pri 

as 

0.8470 

Vi/Vx 

= 

0.9201 

Pa/Pi 

= 

1.7677 

Ti/Tx 

= 

1.2164 

Pra/Pri 

= 

1.5921 

Tra/Tri 


1.1806 

W/Htx 


0.1840 

Jk 

= 

0.7723 
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VPR-9f-t4 


Front Blade: 


Upper: 

Lower: 


*1 

a 

b 

Or 

e 7 

c 

d 

8.5000 

-17.0000 

0.0000 

0.5000 


17.0000 

0.0000 

2.5000 


0.0000 

0.5000 

-2.5000 

5.0000 

0.0000 


ci 


4.0000 


&D 


etifn 


32.3700 


fa 


ran tonic 


50.8900 


CONDITIONS: (Transonic) 



Pri = 

11.19 psia 

Tti 

= 512.7 deg.R 


V R = 1358.6 

ft /sec 

Pa/Pri = 1100 


Aj/A i 

- 0.8677 

Mr = 1.29 


V Ch = 1366.6 

ft/sec 

W c /A 

= 46.64 


| Inlet 

41T ; 

Exit 

Absolute 

Relative 

Relative 

Absolute I 

Mi 

= 

0.756 


M[ 

= 1.497 


Mi 


1.143 


M 3 

sr 



Vi 


794.6 

ft/sec 

V{ 

= 1573.9 

ft/sec 

Vi 

= 

1288.2 

fi/sec 

v 3 

s 


ft /sec 

<*1 

“ 

0.00 

deg. 

o‘i 

= 59.68 

deg. 

a i 

= 

48.23 

deg. 

<*2 

s 

-22.67 

deg. 

Pi 

= 

7.662 

psia 

Pi 

= 7.662 

psia 

Pi 

= 

11.236 

psia 

P 3 

— 

11.236 

psia 

Ti 

= 

460.1 

deg.R 

T[ 


deg.R 

Ti 

= 

528.8 

deg.R 

Ti 


524.9 

deg.R 

Pri 

= 

11.19 

psia 

Pti 


psia 

Pfj 

= 

25.66 

psia 

Pr2 

= 

17.80 

psia 

Tti 

= 

512.7 

deg.R 

Ja- 

= 666.3 

deg.R 

Jh. 


666.7 

deg.R 

Tti 

— 

596.8 

deg.R 


MIXED STATION AVERAGES 


[ Inlet 

Exit 1 

Absolute 

Relative 

Relative 

Absolute 1 

Mi 


0.756 


M[ 


1.497 


Mi 

= 

0.965 


Mi 


mm 


Vi 


794.6 

ft/sec 

V{ 

— 

1573.9 

ft /sec 

Vi 

= 

1121.1 

ft /sec 

Vi 

= 

678.1 

ft /sec 


= 

0.00 

deg. 


= 

59.68 

deg. 

<*2 

= 

58.84 

deg. 

aj 

= 

-33.13 

deg. 

Pi 

= 

7.662 

psia 

Pi 

= 

7.662 

psia 

Pi 

= 

13.491 

psia 

Pi 

= 

13.825 

psia 

T x 

= 

460.1 

deg.R 

Ti 



deg.R 

Ti 

= 

562.1 

deg.R 

Ti 

2 

558.5 

deg.R 

Pri 


11.19 

psia 

Pti 

- 

28.00 

psia 

Prt 

= 

24.51 

psia 

Pn 

= 

17.43 

psia 

Tti 

= 

512.7 

deg.R 

t ti 

= 

666.3 

deg.R 

Jh. 

zz 

666.7 

deg.R 

Tti 

ZZ 

596.8 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/ Pti 

s 

0.9166 

Vi/Vi 

2 

1.2057 

Pi/Pi 

= 

1.4664 

Ti/Ti 

= 

1.1407 

Pn/ Pri 

= 

1.5911 

Tti/Tti 

== 

1.1641 

W/Hti 

= 

0.1635 

Jk 

2 

0.8681 


MIXED 

PERFORMANCE 


P^i/Pr i 

2 

0.8757 

Vi/Vi 

2 

0.8534 

Pi/P i 

= 

1.8044 

Ti/Ti 

= 

1.2138 

Pn/Pri 

= 

1.5585 

Tti/Tti 

= 

1.1641 

W/Hti 

2 

0.1635 

Jk 

= 

0.8268 
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VPR-9f-t5 


Upper: 


Front Blade: 


01 

a 

E 

C T 

02 

C 

— a 

8.5000 

-17.0000 

0.0000 

0.5000 


17.0000 

0.0000 

2.5000 

■frilly! 1 ! 

0.0000 

0.5000 

| -2.5000 | 

5.0000 

0.0000 

Cl 

■e m 

mwum 

nfonic 1 


4.0000 32.3700 


50.8900 


CONDITIONS; (Transonic) 



Pri = 

11.19 psia 


Tti 

= 512.7 deg.R 


V R = 1358.6 

ft/sec 

Pi/Pr i 

= 1.200 


A ,/At 

= 0.8677 

Mr = 1.28 


Vc m 

= 1366.6 

ft /sec 

W c /A 

= 44.23 


| Inlet 

Exit 

! Absolute 

Relative 

Relative 

Absolute 

Mi 

— 

0.671 


M[ 

= 1.443 


Mi 

= 



M t 

3 

wssm 


Vi 

= 

713.2 

ft/sec 

V{ 

= 1534.4 

ft /sec 

Vi 

= 

1149.3 

ft/sec 

V, 

3 

891.8 

ft/sec 


SS 

0.00 

deg. 

°i 

= 62.30 

deg. 

“a 

= 

49.75 

deg. 

Oj 

3 

-30.42 

deg. 

Pi 

= 

8.274 

psia 

Pi 

s 8.274 

psia 

Pi 

= 

12.840 

psia 

Pi 

= 

12.840 

psia 

Ti 

= 

470.3 

deg.R 



deg.R 

Ti 

= 

556.0 

deg.R 

Ti 

3 

552.6 

deg.R 

Pr i 

= 

11.19 

psia 

Ft i 


psia 

Pti 

= 


psia 

Pn 

= 

19.27 

psia 

Tti 

= 

512.7 

deg.R 

_Zzi_ 

= 666.3 

deg.R 

Tti 

rr 

666.7 

deg.R 

Tn 

5= 

615.7 

deg.R 


| Inlet 

Exit 

| Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.671 


M[ 

SS 

1.443 


ML 

= 



Mi 

3 

0.589 


Vi 

3 

713.2 

ft/sec 


= 

1534.4 

ft/sec 

Vi 

= 

1022.5 

ft/sec 

Vi 

= 

693.0 

ft/sec 


3 

0.00 

deg. 

<*i 

= 


deg. 

“a 

— 

58.71 

deg. 

02 

3 

-41.03 

deg. 

Pi 

= 

8.274 

psia 

Pi 

= 

8.274 

psia 

Pi 

= 

14.475 

psia 

Pi 

3 

14.765 

psia 

Ti 

= 

470.3 

deg.R 

Ti 

3 


deg.R 

Ti 

3 

579.7 

deg.R 

Ti 

3 

575.7 

deg.R 

P ri 

3 

11.19 

psia 

Pti 

= 

28.00 

psia 

Pri 

= 

23.62 

psia 

Pn 

3 

18.67 

psia 

Tti 

3 

512.7 

deg.R 

*T1 

= 

666.3 

deg.R 

Hi 

= 

666.7 

deg.R 

Tti 

= 

615.7 

deg.R 


UNMIXED 

PERFORMANCE 


Pri! Pti 

3 

0.8946 

Vi/Vi 

= 

1.2504 

Pi/Pi 

3 

1.5519 

Ti/Ti 

=: 

1.1749 

Pn/Pri 

3 

1.7227 

Tn /T ti 

= 

1.2010 

W/H t i 

3 

0.2007 

Jk 

= 

0.8379 


MIXED 

PERFORMANCE 


Pri/ P ti 

= 

0.8435 

V 2 /V 1 

3 

0.9717 

Pi/ Pi 

3 

1.7845 

Ti/Ti 

3 

1.2241 

Pn/Pr i 

= 

1.6694 

Tri/Tri 

3 

1.2010 

W/H t i 

3 

0.2007 

Jk 

= 

0.7858 
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VPR-9.1-tl 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


61 


8.5000 


2.5000 


-17.0000 


0.0000 


Or 


0.5000 


$2 


-8.5000 







50.8900 | 


17.0000 


5.0000 


d 

0.0000 


0.0000 


Upper: 

Lower: 



a 

b 

Ct 

02 

c 

d 

14.2500 

-28.5000 

0.0000 

0.5000 

-14.2500 

28.5000 

0.0000 

8.2500 

-16.5000 

0.0000 

0.5000 


16.5000 

0.0000 



C2 

Pc 






6.0000 

15.6200 





CONDITIONS: (Transonic) 


V R = 

1358.6 

Pti = 

ft/sec 

11.19 psia 

P*/Pr i 

= 0.850 

Tti 

= 512.7 deg.R 

A j/Ai 

= 0.8258 

Mr = 

1.29 

y cn 

= 1366.6 

ft /sec 

W C /A 

= 46.38 


UnmiAAJA/ hJ Ail 

I Inlet 

Exit 

Absolute 

Relative ! 

Relative 

Absolute 

M i 

= 

0.745 



= 1.490 


Mi 

— 



M 2 


1.398 


Vi 

= 

784.2 

ft /sec 

V{ 

= 1568.7 

ft/sec 

Vi 

= 


ft /sec 

v 3 

= 

1612.4 

ft/sec 

<*1 


0.00 

deg. 

<*i 

= 60.00 

deg. 

o'j 

= 

8.89 

deg. 

(*2 

= 

-47.46 

deg. 

Pi 

= 

7.741 

psia 

pi 

= 7.741 

psia 

Pi 

= 


psia 

p 3 


9.503 

psia 

1 i 

= 

461.5 

deg.R 

T[ 

= 461.5 

deg.R 

Ti 

= 

553.6 

deg.R 

T 3 

ss 

553.6 

deg.R 

Pr i 


11.19 

psia 

Pti 

= 28.00 

psia 

Pt, 



psia 

Pr 3 

= 

32.91 

psia 

Tti 

= 

512.7 

deg.R 

r n 

= 666.3 

deg.R 

r n 

= 


deg.R 

Tt2 

s 

775.8 

deg.R 


Inlet 

Exit 

! Absolute 

Relative 

Relative 

Absolute 

Mi 

— 

0.745 


Mi 




Mi 

= 

MMM 


M 3 

s 

1.214 


Vi 


784.2 

ft/sec 

V{ 

= 

1568.7 

ft /sec 

Vi 


859.8 

ft/sec 

V, 

s 

1456.6 

ft /sec 

<*1 

= 

0.00 

deg. 


= 


deg. 

a'. 

= 

11.44 

deg. 

<*2 

= 

-54.65 

deg. 

Pi 

— 

7.741 

psia 

Pi 

js 

7.741 

psia 

Pi 


11.918 

psia 

Pi 


11.918 

psia 

T i 

= 

461.5 

deg.R 

T[ 

= 

461.5 

deg.R 

V 7 

= 

599.3 

deg.R 

Ti 

= 

599.3 

deg.R 

Pr i 

— 

11.19 

psia 

P* 

= 


psia 

?Tt 

= 

16.78 

psia 

Pn 

= 

29.43 

psia 

Tti 

= 

512.7 

deg.R 

lz 1_ 

= 

666.3 

deg.R 

Jh- 

S 


deg.R 

Tt2 

ss 

775.8 

deg.R 


UNMIXED 

PERFORMANCE 


Pt 7 /Pti 

= 

0.6794 

Vi/Vi 

= 

2.0560 

Pl/Pl 

= 

1.2275 

Ti/Ti 

= 

1.1996 

Pn/Pri 


2.9423 

TVi/Tri 

= 

1.5134 

W/H t i 


0.5241 

Jk 


0.6891 


MIXED 

PERFORMANCE 


Pin/ P ti 

= 

0.5994 

Vi/Vi 

= 

1.8574 

Pi! Pi 

= 

1.5396 

Ti/Ti 

= 

1.2986 

Pti/ Pti 

= 

2.6307 

Tri/Tri 

= 

1.5134 

W/Hti 

= 

0.5241 

Jk 

= 

0.6074 
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VPR-9.1-t2 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


01 

a 

b 

Cr 

02 

C 

d 

8.5000 

-17.0000 

0.0000 

0.5000 


17.0000 

0.0000 

2.5000 


0.0000 

0.5000 

-2.5000 

5.0000 

0.0000 


ci 


0D 


ciign 


4.0000 I 32.3700 


@T\ 


raniontc 


50.8900 


Upper: 

Lower: 


01 

a 

b 

Or 

0, 

c 

d 

14.2500 

-28.5000 

0.0000 

0.5000 

-14.2500 

28.5000 

0.0000 

8.2500 

-16.5000 

0.0000 

0.5000 

-8.2500 

16.5000 

0.0000 



C2 

0c 






6.0000 

15.6200 





CONDITIONS; (Transonic) 


V* 

= 1358.6 

Pri 

ft/sec 

= 11.19 psia 

Pi/ Pri 

= 0.900 

Tn 

= 512.7 deg.R 

M/A x = 0.8258 

Mr 

= 1.29 


yen 

= 1366.6 

] Ft/sec 

W c /A = 46.16 


Inlet 

Exit | 

j Absolute 

Relative 

Relative 

| Absolute 

Mi 

= 

0.736 


Ml 

= 1.484 


Ml 

= 

0.955 


M , 

— 

1.396 


Vi 


776.2 

ft/sec 


= 1564.7 

ft /sec 

Vi 


1100.0 

fl/aec 

V, 

— 

1609.0 

ft/sec 

<*1 

= 

0.00 

deg. 



deg. 

“2 

= 

8.99 

deg. 

Qr 2 

= 

-47.53 

deg. 

Pi 

S 

7.803 

psia 

PI 


psia 

P 2 


10.078 

psia 

P 2 

— 

10.078 

psia 

Tx 

S 

462.5 

deg.R 

T{ 

= 462.5 

deg.R 

n 

= 

552.6 

deg.R 

T, 

= 

552.6 

deg.R 

Pri 

= 

11.19 

psia 

Pt\ 


psia 

PT2 

= 

20.07 

psia 

Pri 

— 

34.60 

psia 

Ttx 

= 

512.7 

deg.R 


= 666.3 

deg.R 

_Zzi_ 

= 

661.5 

deg.R 

Tn 

= 

776.3 

deg.R 


Inlet 

Exit " i 

Absolute 

Relative 

Relative 

1 Absolute 

Mx 

— 

0.736 


M[ 

= 

1.484 


Ml 




Mi 


1.171 


Vi 

ZZ 

776.2 

ft /sec 

vi 


1564.7 

ft/sec 

Vi 

= 

793.3 

ft/sec 

v 2 

— 

1417.1 

ft/sec 


= 

0.00 

deg. 


= 


deg. 

°7 

= 

12.51 

deg. 

C*2 

— 

-56.87 

deg. 

Pi 

ss 

7.803 

psia 

PI 

= 

7.803 

psia 

Pi 

= 


psia 

Pi 

zz 

13.107 

psia 

Tx 

= 

462.5 

deg.R 

T{ 

= 

462.5 

deg.R 

Ti 



deg.R 

Ti 

3= 

609.2 

deg.R 

Pr i 

= 

11.19 

psia 

Ptx 

= 


psia 

Pr 2 

= 

17.49 

psia ! 

Pri 

— 

30.62 

psia 

Ttx 


512.7 

deg.R 

r n 

sz 

666.3 

deg.R 

T ti 

= 

661.5 

deg.R 

Tn 

= 

776.3 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/Ptx 

= 

0.7167 

Vi/Vx 


2.0729 

Pi/Pi 


1.2916 

Ti/Tx 

= 

1.1947 

Pri/ Pri 

= 

3.0934 

Tti/Tti 

= 

1.5142 

W/Hti 

= 

0.5235 

Jk 

= 

0.7274 


MIXED 

PERFORMANCE 


Pti/P'ti 

= 

0.6248 

Vi/V i 

= 

1.8257 

Pi/ Pi 

s 

1.6798 

Ti/Tx 

= 

1.3171 

Pti/Ptx 

= 

2.7372 

Tti/Ttx 


1.5142 

W(H T x 

S 

0.5235 

Jk 

= 

0.6368 
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VPR-9.1-t3 


Front Blade: 


Aft Blade: 


Upper: 

Lower: 


9 x 

a 

b 

Cr 

62 

C 

d 

8.5000 

-17.0000 

0.0000 

0.5000 

Baasoai 

17.0000 

0.0000 

2.5000 


0.0000 

0.5000 

-2.5000 

5.0000 

0.0000 


ci 


4.0000 


0D 


esign 


32.3700 


0T i 


r an tout c 


50.8900 


Upper: 

Lower: 


9i 

a 

b 

Cr 

02 

c 

d 

14.2500 

-28.5000 

0.0000 

0.5000 

-14.2500 

28.5000 

0.0000 

8.2500 

-16.5000 

0.0000 

0.5000 



0.0000 



C 2 

Pc 






6.0000 

15.6200 





CONDITIONS: (Transonic) 




Ptx 

= 11.19 psia 

3^ 

11 

512.7 deg.R 


Vr 

= 1358.6 

ft /sec 

Pi/Pri = 1000 


A j/Ai 

= 0.8258 

Mr 

= 1.29 


V Cm = 1366.6 

ft /sec 

W c /A 

= 46.42 


| Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

M 1 

= 

0.747 


M[ 

= 1.491 


Mi 

= 



M 2 

ss 

1.421 


Vi 

= 

786.0 

ft /sec 

V{ 

= 1569.6 

ft/sec 

Vi 


1115.4 

ft/sec 

V, 

s 

1639.9 

ft/sec 

0 \ 


0.00 

deg. 


= 59.95 

deg. 

°i 


7.59 

deg. 

02 

s 

-47.61 

deg. 

Pi 

= 

7.728 

psia 

Pi 

= 7.728 

psia 

Pi 

= 


psia 

P 3 

= 

11.027 

psia 

Ti 

— 

461.2 

deg.R 

Ti 

= 461.2 

deg.R 

Tj 

= 

553.9 

deg.R 

t 7 

= 

553.9 

deg.R 

Pr 1 

= 

11.19 

psia 

Pin 


psia 

P't 2 

= 


psia 

Pn 


36.86 

psia 

Tt 1 

= 

512.7 

deg.R 

r T 1 

= 666.3 

deg.R 

T n 


ISW 

deg.R 

Tt 7 


783.3 

deg.R 




Inlet 

Ej 

rit 

Absolute 

Relative 

Relative 

Absolute 

Afi 

— 

0.747 


M[ 

= 1.491 


Mi 



M 3 

s= 

1.157 


Vi 

— 

786.0 

ft/sec 

Vi 

= 1569.6 

ft/sec 

Vi 

= 736.7 

ft/sec 

v 7 

zz 

B 

ft/sec 

ttl 


0.00 

deg. 


= 59.95 

deg. 

“2 

= 11.54 

deg. 

02 

= 

-59.21 

deg. 

p i 

= 

7.728 

psia 

Pi 

= 7.728 

psia 

Pi 

= 14.925 

psia 

Pi 

2 ? 

14.925 

psia 

Ti 

— 

461.2 

deg.R 

Ti 

= 461.2 

deg.R 

Ti 

= 617.9 

deg.R 

Ti 

= 

617.9 

deg.R 

Pn 

= 

11.19 

psia 

pt 
* Tl 

= 28.00 

psia 

^Tl 

= 19.11 

psia 

Pn 

ZZ 

34.24 

psia 

Tt 1 

= 

512.7 

deg.R 

T±x_ 

= 666.3 

deg.R 



deg.R 

Tn 

= 

783.3 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/Pt 1 

= 

0.7344 

Vj/Vi 

= 

2.0865 

Pi/Px 

= 

1.4269 

Ti/Ti 

= 

1.2009 

Pn/Pn 


3.2953 

Tn/Tn 

= 

1.5280 

W/H t 1 

= 

0.5343 

Vc 

= 

0.7598 


MIXED 

PERFORMANCE 


Pti/Pt 1 

= 

0.6824 

Vi/Vi 

= 

1.7940 

Pi/Px 

= 

1.9313 

Ti/Ti 

= 

1.3396 

Pti/Pti 

= 

3.0610 

Tn/Tn 

= 

1.5280 

W/Htx 

= 

0.5343 

Jk 

= 

0.7049 
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VPR-9.1-t4 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 


0 i 

a 

b 

Cr 

02 

C 

d i 

8.5000 

-17.0000 

0.0000 

0.5000 


17.0000 

0.0000 

2.5000 

M.-win:n« 

0.0000 

0.5000 

-2.5000 

5.0000 

0.0000 


Cl 

0De§isn 

E3EB99 

4.0000 

32.3700 

50.8900 | 


Upper: 

Lower: 



a 

b 

Cr 

$2 

c 

d 

14.2500 

-28.5000 

0.0000 

0.5000 

-14.2500 

28.5000 

0.0000 

8.2500 

-16.5000 

0.0000 

0.5000 


16.5000 

0.0000 



Cl 

0c 



6.0000 

15.6200 


CONDITIONS: (Transonic) 



Pn = 

11.19 psia 

Tt i 

= 512.7 deg.R 


Vr = 

1358.6 ft/sec 

Pi/Pri 

= 1.100 

At/Ax 

= 0.8258 

Mr = 

1.29 

YSr 

= 1366.6 ft/sec 

W c /A 

= 46.09 


Inlet 

Exit | 

| Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.734 


M[ 

= 

1.482 


Mi 

= 



Mj 

= 

1.294 


Vi 

= 

773.7 

ft/sec 

V( 


1563.4 

ft /sec 

Vi 

= 

914.5 

ft /sec 

Vi 

= 

1537.8 

ft/sec 


= 

0.00 

deg. 

a 'i 

sr 


deg. 

a i 

= 

7.34 

deg. 

<*2 

= 

-53.86 

deg. 

Pi 

= 

7.822 

psia 

Pi 

ss 

7.822 

psia 

Pi 

= 


psia 

Pi 

= 

12.406 

psia 

T x 


462.8 

deg.R 

T[ 

= 

462.8 

deg.R 



587.5 

deg.R 

T, 

S 

587.5 

deg.R 

Pr i 

= 

11.19 

psia 

^T1 

= 


psia 

^Ti 

=r 

19.57 

psia 

Pr i 

= 

35.73 

psia 

Tt i 

= 

512.7 

deg.R 

JlL. 

= 

666.3 

deg.R 

_Zz2_ 

= 

662.1 

deg.R 

Tt 7 

= 

789.3 

deg.R 


| Inlet 

Exit | 

| Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.734 


Mi 

= 

1.482 


Mi 

2= 

0.641 


Mi 

= 

1.204 


Vi 

=r 

773.7 

ft/sec 

V( 

= 

1563.4 

ft/sec 

Vi 

= 

777.4 

ft/sec 

Vi 

= 

1460.4 

ft/sec 


= 

0.00 

deg. 


= 


deg. 


= 

8.64 

deg. 

<*2 

= 

-58.24 

deg. 

Pi 

= 

7.822 

psia 

Pi 


7.822 

psia 

Pi 

s 

13.804 

psia 

Pi 

s 

13.804 

psia 

Ti 

s 

462.8 

deg.R 

Ti 

= 

462.8 

deg.R 

Ti 

= 

611.8 

deg.R 

Ti 

= 

611.8 

deg.R 

Pr i 

= 

11.19 

psia 

Pti 

= 


psia 

Pti 

s= 

18.20 

psia 

Pn 

= 

33.67 

psia 

Tti 

= 

512.7 

deg.R 


= 

666.3 

deg.R 

1*31 

= 

662.1 

deg.R 

Tti 

= 

789.3 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/Pti 

= 

0.6990 

Vi/Vi 

= 

1.9876 

Pi/Pi 

ss 

1.5860 

Ti/T i 

zz 

1.2693 

Pri/Pri 

s 

3.1940 

Tti/Tt i 

= 

1.5397 

W/H t i 

= 

0.5478 

Jk 

= 

0.7183 


MIXED 

PERFORMANCE 


PrifPr i 

= 

0.6502 

Vi/Vi 

= 

1.8877 

Pi/ Pi 

= 

1.7648 

Ti/Ti 

= 

1.3219 

Pri/Pri 

= 

3.0096 

Tti/Tti 

= 

1.5397 

W/H t i 

= 

0.5478 

Jk 

= 

0.6754 
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VPR-lOf-tl 


TYont Blade: 


Upper: 

Lower: 



a 

b 

C T 

0 7 

c 

a 

3.0000 

0.0000 

0.0000 

0.7500 


0.0000 

0.0000 


12.0000 

0.0000 

0.5000 


wmm 

0.0000 


ci 


4.0000 


Pd 


etign 


36.8700 


fh i 


ran tonic 


55.3507 


CONDITIONS; (Transonic) 


Vr = 

1358.6 

Pt\ = 

ft/sec 

11.19 psia 

Pi/ Pri = 

1.000 

Tti 

= 512.7 deg.R 

Aj/Ai 

= 0.8677 

Mr = 

1.27 

Vc. 2_ 

1366.6 

ft/sec 

Wet A 

= 42.81 


UI1 I viAJvuiy |J Xi-k. 

i Inlet 

Exit 

| Absolute 

Relative 

Relative 

Absolute 

Mi 

— 

0.631 



= 1.420 



ss 



M 3 

= 

0.698 


Vi 


674.1 

ft /sec 

V{ 

= 1516.7 

ft/sec 

Vi 

= 


fl/sec 

v. 

S 

793.9 

ft/sec 

Q\ 

= 

0.00 

deg. 

°l 

= 63.61 

deg. 

tt 2 

= 

54.44 

deg. 

0 2 

= 

-29.61 

deg. 

Pi 

= 

8.555 

psia 

Pi 

= 8.555 

psia 

Pi 

= 

11.495 

psia 

P 2 

= 

11.495 

psia 

Ti 


474.8 

deg.R 

T{ 

= 474.8 

deg.R 

Ti 

= 

535.9 

deg.R 

Ti 

S 

538.3 

deg.R 

Pr i 

“ 

11.19 

psia 

Pr i 


psia 

P *n 

= 

24.93 

psia 

Pr i 

zz 

16.51 

psia 

Tti 

= 

512.7 

deg.R 

Jxi_ 

= 666.3 

deg.R 

Jh L. 

— 

661.2 

deg.R 

Tti 

JE 

595.9 

deg.R 


MIXED STATION AVERAGES 


I Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute j 

Mi 

= 

0.631 


Mi 



Mi 

= 1.000 


Mi 

ZZ 

EjEjUjSj 


Vi 

— 

674.1 

ft/sec 

Vi 

= 1516.7 

ft/sec 

Vi 

= 1150.9 

ft/sec 

Vi 

= 


ft/sec 



0.00 

deg. 


= 63.61 

deg. 

“i 

= 59.03 

deg. 

02 

= 


deg. 

Pi 


8.555 

psia 

Pi 

= 8.555 

psia 

Pi 

= 12.342 

psia 

Pi 

S 

12.229 

psia 

Ti 

= 

474.8 

deg.R 

Ti 

= 474.8 

deg.R 

Ti 

= 551.0 

deg.R 

Ti 

= 

554.1 

deg.R 

P ri 

= 

11.19 

psia 

Pri 


psia 

Pri 

= 23.37 

psia 

Pri 

zz 

15.78 

psia 

Tti 

= 

512.7 

deg.R 

T h 

= 666.3 

deg.R 

r T2 

= 661.2 

deg.R 

Tti 

= 

595.9 

deg.R 


UNMIXED 

PERFORMANCE 


Pr i/Pr i 

= 

0.8906 

Vi/Vi 

= 

1.1777 

Pi! Pi 

= 

1.3437 

Ti/Ti 


1.1337 

Pri/P^ri 

= 

1.4756 

Tti /Tti 

= 

1.1624 

W/Hti 

S 

0.1708 

Jk 

= 

0.6883 


MIXED 

PERFORMANCE 


Pti/Pti 

S 

0.8346 

Vi/V i 

= 

1.0519 

Pi/ Pi 

= 

1.4295 

Ti/Ti 

J= 

1.1669 

Pri/ Pri 

= 

1.4105 

Tti/Tti 

= 

1.1624 

W/H t i 

= 

0.1708 

Vc 

= 

0.6044 
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VPR-10f-t2 


Front Blade: 


■GEOMETRY 


Upper: 

Lower: 


! *1 

a 

b 

Cr 

0, 

c 

— a — 

3.0000 

0.0000 

0.0000 

0.7500 

beehm 

0.0000 

0.0000 

Bl'lW 

12.0000 

0.0000 

0.5000 


12.0000 

0.0000 


ci 


4.0000 


Pd 


e»ifn 


36.8700 


An 


ransonte 


55.3507 


CONDITIONS; (Transonic) 


Vr 

= 1358.6 

Pri = 

ft/sec 

11.19 psia 

Pi/Pri 

= 1.100 

Tti 

= 512.7 deg.R 

Ax/A i 

= 0.8677 

Mr 

= 1.29 


YSm. 

= 1366.6 

ft /sec 

W c /A 

= 45.86 


Inlet 

Exit 1 

Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.725 


M\ 

= 1.477 


M' 7 




M, 

= 

0.680 


V\ 

rr 

765.5 

ft/sec 

V{ 

= 1559.4 

ft/sec 

Vi 

= 

1207.8 

ft/sec 

Vj 


776.9 

ft/sec 


= 

0.00 

deg. 



deg. 

a 7 

= 

55.17 

deg. 

Or 2 

= 

-29.24 

deg. 

Pi 

= 

7.884 

psia 

PI 

= 7.884 

psia 

Pi 


12.540 

psia 

Pi 

— 

12.540 

psia 

Ti 

2S 

463.9 

deg.R 


= 463.9 

deg.R 

Ti 


542.5 

deg.R 

T, 

— 

543.9 

deg.R 

Pr i 


11.19 

psia 

Pri 


psia 

Pti 

= 

26.79 

psia 

Pr i 

= 

17.86 

psia 

Tti 

= 

512.7 

deg.R 

r TX 

= 666.3 

deg.R 

Ja_ 

= 

665.4 

deg.R 

Tti 

= 

597.4 

deg.R 


It 

ilet 

Erit ' 1 

Absolute 

Relative 

Relative 

1 Absolute 


— 

0.725 


Mi 

= 

1.477 


ML 

rz 

0.992 


M, 

= 

0.583 


V x 

= 

765.5 

ft/sec 

V{ 

= 

1559.4 

ft/sec 

Vi 

= 

1147.1 

ft/sec 

v 3 

= 

676.5 

ft/sec 

<*\ 

= 

0.00 

deg. 



60.60 

deg. 

tt' 2 

= 

60.53 

deg. 

a 2 

— 

-33.37 

deg. 

Pi 

= 

7.884 

psia 

Pi 

zr 

7.884 

psia 

Pi 

= 

13.545 

psia 

Pi 

= 

13.432 

psia 

Ti 

= 

463.9 

deg.R 

Ti 

= 

463.9 

deg.R 

Ti 

= 

555.9 

deg.R 

Ti 


559.3 

deg.R 

Pr i 

ZZ 

11.19 

psia 

Pti 

= 

28.00 

psia 

Pti 

= 

25.42 

psia 

Pr i 


16.92 

psia 

Tti 

== 

512.7 

deg.R 

JK. 

= 

666.3 

deg.R 

JK _ 

= 

665.4 

deg.R 

Tti 


597.4 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/ Pti 

ss 

0.9570 

Vi/Vi 

= 

1.0149 

Pi/Pi 

=r 

1.5905 

Ti/Ti 

= 

1.1725 

Pri/P*ri 

= 

1.5967 

Tti /Tti 

= 

1.1654 

W/Hti 

= 

0.1641 

Jk 

= 

0.8716 


MIXED 

PERFORMANCE 


Pti/ Pti 

s 

0.9078 

Vi/Vi 

= 

0.8837 

Pi/ Pi 

= 

1.7037 

Ti/Ti 

= 

1.2058 

Pri/Pri 

= 

1.5121 

Tti /Tti 

ss 

1.1654 

W/Hti 

= 

0.1641 

Jk 

= 

0.7641 
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VPR- 10 f-t 3 


Front Blade: 


Upper: 

Lower: 


0i 

a 

b 

Cr 

0 7 

c 

d 

3.0000 

0.0000 

0.0000 

0.7500 

-8.9350 

0.0000 

0.0000 

■mmiSBM 

12.0000 

0.0000 

0.5000 

-3.0000 

12.0000 

0.0000 


Cl 


4,0000 


0d 


cii#n 


36.8700 


0T i 


rantonte 


55.3507 


CONDITIONS: (Transonic) 


Vr = 

1358.6 

Pri 

ft/sec 

= 11.19 psia 

Pi/Pri 

= 1.200 

Tti 

= 512.7 deg.R 

A 2 /Ai 

= 0.8677 

Mr = 

1.27 

Ybm. 

= 1366.6 

ft/sec 

W c /A 

= 40.91 


| Inlet 

Exit 

1 Absolute 

Relative 

Relative 

Absolute 

Mi 

— 

0.584 



= 1.393 





M 2 

= 

0.676 


Vi 


627.2 

ft/sec 

V{ 

= 1496.4 

ft /sec 

Vi 


ft/sec 

V, 

= 

794.0 

ft /sec 

<*1 

s s 

0.00 

deg. 


= 65.22 

deg. 

«a 

= 54.58 

deg. 

Qj 

= 

-42.94 

deg. 

Pi 

— 

8.880 

psia 

Pi 


psia 

P 1 

= 13.538 

psia 

Pi 

r z 

13.538 

psia 

Ti 


479.9 

deg.R 

n 

= 479.9 

deg.R 

r 3 


deg.R 

t 2 

= 

574.6 

deg.R 

Pr i 


11.19 

psia 

Pti 


psia 

p^ 

= 23.99 

psia 

P ra 

= 

19.15 

psia 

Tti 

= 

512.7 

deg.R 

r Tl 

= 666.3 

deg.R 

Jh _ 

= 664.4 

deg.R 

Tti 

= 

632.7 

deg.R 


Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

— 

0.584 


M[ 

= 1.393 


Mi 

= 



m 2 

= 

0.607 


Vi 


627.2 

ft/sec 

Vi 

= 1496.4 

ft /sec 

Vi 

= 

979.4 

ft/sec 

Vi 

= 

721.9 

ft/sec 


ss 

0.00 

deg. 

a i 

= 65.22 

deg. 

a 2 

= 

60.68 

deg. 

Or 2 

= 

-47.98 

deg. 

Pi 


8.880 

psia 

P{ 

SVEhM 

psia 

Pi 

= 

14.394 

psia 

Pi 

S 

14.202 

psia 

Ti 


479.9 

deg.R 

T{ 

= 479.9 

deg.R 

Ti 

= 

584.6 

deg.R 

t 2 

= 

589.3 

deg.R 

Pr i 

=r 

11.19 

psia 

Pti 


psia 

Pti 

= 

22.53 

psia 

Pr i 

= 

18.21 

psia 

Tn 

= 

512.7 

deg.R 

rpt 

= 666.3 

deg.R 

Tti 

= 

664.4 

deg.R 

Tti 

s 

632.7 

deg.R 


UNMIXED 

PERFORMANCE 


Pt 2 / Pti 

= 

0.8570 

V 2 fVi 


1.2659 

Pi/Pi 

= 

1.5245 

Ti/Ti 

= 

1.1973 

Pri/Pri 

= 

1.7116 

Tti /Tti 

= 

1.2342 

W/H t i 

= 

0.2366 

Vc 

= 

0.7015 


MIXED 

PERFORMANCE 


Pti/ Pti 

= 

0.8047 

VifVi 

= 

1.1511 

Pi/Pi 

= 

1.5994 

7a /Ti 

= 

1.2280 

Pn/Pri 

= 

1.6278 

Tti/Tti 

= 

1.2342 

W/Hti 


0.2366 

Vc 

= 

0.6313 
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VPR-llf-tl 


GEOMETRY 


Front Blade: 


Upper: 

Lower: 


h 

a 

b 

C T 

$2 

c 

d 

6.0000 

-9.6000 

0.0000 

0.6250 

-7.4844 

0.0000 

53.2225 

0.0000 

0.0000 

0.0000 

0.6250 

0.0000 

0.0000 

0.0000 


Cl 


4.0000 


0D 


engw 


33.8700 


0T i 


ransontc 


52.3920 


CONDITIONS: (Transonic) 


Vr 

= 1358.6 

Pri 

ft/sec 

= 11.19 psia 

Pi/Ptx 

= 1.000 

Tti 

= 512.7 deg.R 

Ail A x = 0.8677 

Mr 

= 1.28 


Van 

= 1366.6 

ft /sec 

W c /A = 44.95 


UNMIXED STATION AVERAGES 


[ Inlet 

— | 

Absolute 

Relative 

Relative 

Absolute 

Mx 


0.693 


M'x 

= 1.457 


Mi 



M a 

=r 

0.759 


Vx 

= 

735.1 

ft/sec 

V{ 

= 1544.7 

ft /sec 

Vi 

= 1234.7 

ft /sec 

v. 

= 

858.2 

ft/sec 

<*i 

= 

0.00 

deg. 

Q i 

= 61.58 

deg. 


= 51.85 

deg. 

ot 7 

= 

-26.24 

deg. 

Pi 


8.113 

psia 

Pi 

= 8.113 

psia 

Pi 

= 11.349 

psia 

Pi 


11.349 

psia 

Tx 

=r 

467.7 

deg.R 

n 

= 467.7 

deg.R 

Vt 

= 532.8 

deg.R 

T 2 

= 

531.6 

deg.R 

Pt i 

s 

11.19 

psia 

Pt i 


psia 

Pt 3 

= 25.33 

psia 

Pri 


17.13 

psia 

Ttx 

— 

512.7 

deg.R 

75., 

= 666.3 

deg.R 

Jh i_ 

= 663.3 

deg.R 

Tti 

= 

595.5 

deg.R 


MIXED STATION AVERAGES 


Inlet 

Exit | 

| Absolute 

Relative 

Relative 

Absolute | 

Mi 


0.693 


Mi 


1.457 


ML 

= 



Mi 


0.614 


Vx 

= 

735.1 

ft/sec 

V{ 

= 

1544.7 

ft/sec 

Vi 

= 

1142.3 

ft/sec 

Vi 

= 

708.6 

ft/sec 

Oil 


0.00 

deg. 

“i 

s 

61.58 

deg. 

°i 


58.19 

deg. 

a 7 

= 

-32.40 

deg. 

Pi 

= 

8.113 

psia 

Pi 

= 

8.113 

psia 

Pi 

— 

12.632 

psia 

Pi 

— 

12.722 

psia 

Tx 

=r 

467.7 

deg.R 

Tx 

= 

467.7 

deg.R 

Ti 

= 

554.7 

deg.R 

Ti 

= 

553.7 

deg.R 

Pr i 

ss 

11.19 

psia 

Pti 

= 


psia 

Pti 

= 

23.62 

psia 

Pri 

= 

16.41 

psia 

Ttx 

= 

512.7 

deg.R 

J5u_ 

= 

666.3 

deg.R 

Jh- 

= 

663.3 

deg.R 

Tti 

= 

595.5 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/Pt i 

= 

0.9048 

Vi/Vx 

= 

1.1675 

PilPi 

' = 

1.3989 

Ti/Tx 

= 

1.1367 

Pri/ Pri 

= 

1.5317 

Tti /Ttx 

= 

1.1617 

W/Htx 


0.1675 

Jk 

=: 

0.7735 


MIXED 

PERFORMANCE 


Pti/Pti 

s 

0.8436 

VifVx 

= 

0.9640 

PifPi 

= 

1.5681 

Ti/Tx 

= 

1.1840 

Pri! Pri 

= 

1.4670 

Tti/Ttx 

= 

1.1617 

W/Htx 

= 

0.1675 

Jk 


0.6909 


l 
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VPR-llf-t2 


Front Blade: 


Upper: 

Lower: 


01 

a 

b 

Cr 

$2 

C 

d 

6.0000 

-9.6000 

0.0000 

0.6250 

-7.4844 

0.0000 

53.2225 

0.0000 

0.0000 


0.6250 

0.0000 

0.0000 



ci 


4.0000 


0D 


'etign 


33.8700 


Pt 


ranionte 


52.3920 


CONDITIONS: (Transonic) 



Pri = 

11.19 psia 

Tri 

= 512.7 deg.R 


Vr = 1358.6 

ft /sec 

Pi/Pri = 1100 


Ai/Ai 

= 0.8677 

Mr = 1.29 


V Ch = 1366.6 

ft /sec 

W c /A 

= 46.83 


[ Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.764 


M[ 




= 1.148 


M a 

zr 

0.808 


Vi 

= 

802.2 

ft/sec 

V{ 

= 1577.8 

ft /sec 

Vi 

= 1292.9 

ft /sec 

v 3 

zr 

908.4 

ft /sec 



0.00 

deg. 

°1 

= 59.44 

deg. 



deg. 

Or 3 

s 

-23.12 

deg. 

Pi 

— 

7.603 

psia 

PI 

K9 

psia 

Pi 

= 11.392 

psia 

Pi 

= 

11.392 

psia 

Ti 

= 

459.1 

deg.R 

Ti 

= 459.1 

deg.R 

Ti 

= 527.5 

deg.R 

t 3 

= 

526.4 

deg.R 

Pri 

— 

11.19 

psia 

Pt\ 


psia 

PT2 

= 26.38 

psia 

Pr 2 

rr 

17.65 

psia 

Tti 

= 

512.7 

deg.R 

Tj\ 

= 666.3 

deg.R 

Tti 

= 666.7 

deg.R 



593.8 

deg.R 


MIXED STATION AVERAGES. 


| Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

— 

0.764 


M[ 



Mi 

= 0.992 


M 3 

ZZ 

mm 


Vi 


802.2 

ft /sec 

V{ 

= 1577.8 

ft/sec 

Vi 

= 1147.7 

ft /sec 

v 3 

Z= 

675.4 

ft /sec 


= 

0.00 

deg. 

a i 

= 59.44 

deg. 

“a 

= 59.86 

deg. 

<*2 

SS 

-31.98 

deg. 

Pi 

= 

7.603 

psia 

Pi 


psia 

Pi 

= 13.423 

psia 

Pi 

= 

13.524 

psia 

T i 


459.1 

deg.R 

Ti 

= 459.1 

deg.R 

n 

= 557.0 

deg.R 

T 2 

= 

555.8 

deg.R 

Pri 


11.19 

psia 

pf 

r Tl 


psia 

Pt2 

= 25.17 

psia 

Pri 

= 


psia 

Tti 

= 

512.7 

deg.R 

rpi 

1 T\ 

= 666.3 

deg.R 

r T2 

= 666.7 

deg.R 

Tti 

= 

593.8 

deg.R 


UNMIXED 

PERFORMANCE 




0.9423 

V 7 fVi 

= 

1.1325 

Pi/Pi 

= 

1.4983 

T-i/Ti 

= 

1.1466 

Pri/ Pri 


1.5776 

Tti /Tti 

= 

1.1583 

W/H t i 


0.1578 

Jk 

= 

0.8816 


MIXED 

PERFORMANCE 


Pti/Pti 

= 

0.8992 

Vi/Vi 

= 

0.8420 

Pi/ Pi 

= 

1.7787 

Ti/Ti 

= 

1.2107 

Pri/ Pri 

= 

1.5235 

Tti/Tti 

= 

1.1583 

W/Hti 

= 

0.1578 

Jk 

= 

0.8100 


89 
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VPR-llf-t3 


GEOMETRIC. 


Front Blade: 


Upper: 

Lower: 


h 

a 

— 5 — 

Cr 

02 

c 

d 

6.0000 

-9.6000 

0.0000 

0.6250 

-7.4844 

0.0000 

53.2225 

0.0000 

0.0000 

0.0000 

0.6250 

0.0000 

0.0000 

0.0000 


Cl 


0Tran$on*e 

4.0000 

33.8700 

52.3920 


CONDITIONS: (Transonic) 


V R 

- 1358.6 

Pri = 

ft /sec 

11.19 psia 

Pi/ Pri 

= 1.200 

Tti 

= 512.7 deg.R 

^ 4,/A, 

= 0.8677 

Mr 

= 1.28 


Vc. 

= 1366.6 

ft/sec 

W c /A 

= 44.88 


| Inlet 

Exit | 

| Absolute 

Relative 

Relative 

Absolute 

Mi 


0.691 



= 1.456 


Mi 




M j 

S 

0.761 


Vi 

= 

733.0 

ft/sec 

V{ 

= 1543.8 

ft/sec 

Vi 

= 

1150.3 

ft/sec 

V, 

= 

876.8 

ft/sec 

Ori 

= 

0.00 

deg. 

<*i 

= 61.65 

deg. 

“a 

= 

50.31 

deg. 

a 7 

= 

-32.11 

deg. 

Pi 

= 

8.128 

psia 

Pi 

= 8.128 

psia 

P 7 

= 

12.999 

psia 

Pi 

3 = 

12.999 

psia 

T. i 

= 

467.9 

deg.R 

Ti 

= 467.9 

deg.R 

n 

= 

552.9 

deg.R 

Ta 

= 

552.1 

deg.R 

Pr i 

= 

11.19 

psia 

Pt i 


psia 

p fa 

= 

25.35 

psia 

Pri 


19.37 

psia 

Tti 

= 

512.7 

deg.R 

Tti 

= 666.3 

deg.R 


= 

664.7 

deg.R 

Tn 

= 

616.6 

deg.R 


MIXED STATION AVERAGES 


| Inlet 

Exit ] 

| Absolute 

Relative 

Relative 

i Absolute | 

Mi 

= 

0.691 


M{ 

= 

1.456 


ML 

= 

0.872 


M 2 


0.594 


Vi 

= 

733.0 

ft/sec 

Vi 

= 

1543.7 

ft/sec 

Vi 

ss 

1027.3 

ft/sec 

v. 

= 

699.0 

ft/sec 


= 

0.00 

deg. 


= 

61.65 

deg. 

°a 

= 

59.41 

deg. 

0 2 

= 

-41.91 

deg. 

Pi 


8.128 

psia 

Pi 


8.128 

psia 

Pi 

= 

14.636 

psia 

Pi 

rr 

14.723 

psia 

Ti 

= 

467.9 

deg.R 

Ti 

= 

467.9 

deg.R 

Ti 


576.9 

deg.R 

T, 

= 

575.9 

deg.R 

Pr i 

= 

11.19 

psia 

Pri 

= 


psia 

Pri 

= 


psia 

Pri 

s 

18.69 

psia 

Tn 


512.7 

deg.R 

_Zxi_ 

= 

666.3 

deg.R 

Jhu 

= 

664.7 

deg.R 

Tti 

= 

616.6 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/Pti 

= 

0.9054 

Va/Vi 

= 

1.1961 

Pi/Pi 

S 

1.5994 

Ta/T, 

S= 

1.1799 

Pri/ Pri 

= 

1.7315 

Tti /Tti 

= 

1.2027 

W/Hti 

= 

0.2060 

Vc 

= 

0.8246 


MIXED 

PERFORMANCE 


Pti/Pti 

= 

0.8584 

V 7 /Vi 

= 

0.9535 

Pi! Pi 

= 

1.8115 

T,/Ti 


1.2308 

Pti/Pti 

= 

1.6711 

Tti/Tti 


1.2027 

W/Hti 

= 

0.2060 

V c 

S 

0.7673- 
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VPR-12f-tl 


OF.OMETRY 


Upper: 


Front Blade: 


6x 

a 

b 

Cr 

02 

C 

d 

0.0000 

0.0000 

0.0000 

0.6250 


0.0000 

42.6379 


12.0000 

0.0000 

0.5000 

0.0000 

0.0000 

0.0000 


ci 


4.0000 


PDt»i<tn 


36.8700 


&T\ 


ran tonic 


58.3920 


CONDITIONS; (Transonic) 


Vfi = 

1358.6 

Pri = 

ft/sec 

11.19 psia 

Pi/Pri 

= 1.000 

Tt i 

= 512.7 deg.R 

A 7 /Ax 

- 0.8677 

Mr = 

1.28 

Yc* 

= 1366.6 

ft /sec 

W c /A 

= 44.58 


| Inlet 

Exit 

Absolute 

Relative 1 

Relative 

Absolute 

Mi 

— 

0.682 


M'x 

■41H.M 


Art 

= 

1.105 


m 7 

= 

0.653 


Vi 

= 

723.6 

ft/sec 

V{ 

= 1539.3 

ft/sec 

Vi 

= 

1247.8 

ft /sec 

v 7 

= 

739.9 

ft /sec 



0.00 

deg. 

“i 

= 61.96 

deg. 

a 2 

= 

57.25 

deg. 

aj 

= 

-26.16 

deg. 

Pi 


8.197 

psia 

PI 

= 8.197 

psia 

Pi 

= 

11.625 

psia 

Pi 

= 

11.625 

psia 

Tx 

= 

469.1 

deg.R 

T[ 

= 469.1 

deg.R 

Ti 

= 

530.8 

deg.R 

t 7 

= 

533.7 

deg.R 

Pr i 

= 

11.19 

psia 

Pt i 


psia 

PT2 

= 

25.80 

psia 

Pr i 

= 

15.79 

psia 

Tt i 

= 

512.7 

deg.R 

-Zz 1_ 

= 666.3 

deg.R 

r T2 

= 

663.6 

deg.R 

Tt i 

= 

583.4 

deg.R 


| Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute | 

Mx 

= 

0.682 


M[ 

gtil 


Art 



m 7 

= 

0.609 


Vi 


723.6 

ft/sec 


= 1539.3 

ft/sec 

Vi 

= 1215.2 

ft /sec 

V 7 

= 

695.8 

ft /sec 


= 

0.00 

deg. 

®i 

= 61.96 

deg. 

«' 7 

= 59.85 

deg. 

Orj 

= 

-27.84 

deg. 

Pi 

= 

8.197 

psia 

Pi 

= 8.197 

psia 

Pi 


psia 

Pi 

= 

12.011 

psia 

Tx 

= 

469.1 

deg.R 

T[ 

= 469.1 

deg.R 

Ti 


deg.R 

Ti 


543.1 

deg.R 

Pr i 


11.19 

psia 

Pt i 


psia 

Pt 2 

= 24.86 

psia 

Pr i 

= 

15.43 

psia 

Tt i 

=r 

512.7 

deg.R 

Jti 

= 666.3 

deg.R 


= 663.6 

deg.R 

Tt i 

= 

583.4 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/Pti 

= 

0.9214 

V 7 /Vi 

= 

1.0226 

Pl/Pl 

= 

1.4181 

Ti/Ti 

= 

1.1377 

Pri/Pri 

= 

1.4113 

Tti/Tti 

= 

1.1380 

W/H T i 

= 

0.1434 

Jk 

= 

0.7216 


MIXED 

PERFORMANCE 


Pti/Pti 

= 

0.8880 

V 7 /Vi 

= 

0.9616 

Pi/P i 

= 

1.4652 

T 7 /Ti 

= 

1.1578 

Pti/Pti 

= 

1.3793 

Tti/Tti 

= 

1.1380 

W/Hti 

= 

0.1434 

Jk 

= 

0.6713 
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VPR-12f-t2 


Front Blade: 


Upper: 

Lower: 


GEOMETRY 


h. 1 

a 

— E — 

Cr 

$2 

C 

d 

0.0000 

0.0000 

0.0000 

0.6250 


0.0000 

42.6379 


12.0000 
i — 

0.0000 

0.5000 

0.0000 

0.0000 

0.0000 


C 1 0De»ign I 0Tran*onic 


4.0000 I 36.8700 I 58.3920 


CONDITIONS; (Transonic) 


V R = 1358.6 

Pri 

ft /sec 

= 11.19 psia 

Pi/ Pri 

= 1.100 

Tti 

= 512.7 deg.R 

A,/A i 

= 0.8677 

Mr - 1.29 


^ 

= 1366.6 

ft/sec 

W c /A 

= 45.98 


I Inlet 

_____ | 

| Absolute 

Relative 

! Relative 

Absolute I 

Mi 


0.730 



= 1.480 


M L 

= 

1.074 


Mi 




Vi 

= 

769.8 

ft/sec 

v{ 

= 1561.5 

ft/sec 

Vi 

= 

1222.1 

ft/sec 

Vj 

= 

721.3 

ft/sec 

*1 

s 

0.00 

deg. 

a i 

= 60.46 

deg. 


= 

58.00 

deg. 

aj 

— 

-28.44 

deg. 

Pi 

zz 

7.851 

psia 

PI 

= 7.851 

psia | 

Pi 

= 

12.633 

psia 

Pi 

= 

12.633 

psia 

r, 

~ 

463.3 

deg.R 

T[ 

= 463.3 

deg.R 

Ti 

= 

539.0 

deg.R 

Ti 



deg.R 

Pri 

= 

11.19 

psia 

Pt i 

= 28.00 

psia 

Pt a 


26.86 

psia 

Pri 

= 

16.98 

psia 

Tti 

= 

512.7 

deg.R 

r T\ 

= 666.3 

deg.R 

_Zz2_ 

= 

665.1 

deg.R 

Tti 

= 

mm 

deg.R 


Inlet 

rtTmVAOUJ 

Exit 1 

| Absolute 

Relative 

1 Relative 

! Absolute 

Mi 


0.730 


K 

— 

1.480 


ML 

= 

1.028 


M 3 

- 

0.575 


Vi 

= 

769.8 

ft/sec 

V[ 

s 

1561.5 

ft/sec 

Vi 

= 

1180.7 

ft/sec 

Vs 


662.3 

ft/sec 


= 

0.00 

deg. 

a i 

= 


deg. 

<*'i 

— 

61.57 

deg. 

Ora 

— 

-31.06 

deg. 

Pi 

s 

7.851 

psia 

Pi 

= 

7.851 

psia 

Pi 

— 

13.312 

psia 

Pi 

= 

13.160 

psia 

Ti 


463.3 

deg.R 


s 

463.3 

deg.R 

Ti 

— 

549.1 

deg.R 

Ti 

— 

552.5 

deg.R 

Pt i 


11.19 

psia 

Pt i 

s 


psia 

Pt i 

= 

26.04 

psia 

Pri 

— 

16.46 

psia 

Tti 

= 

512.7 

deg.R 

Hi 

zz 

666.3 

deg.R 

r T2 


665.1 

deg.R 

Tti 


589.0 

deg.R 


UNMEXED 

PERFORMANCE 


Pti/Pti 

2= 

0.9596 

Vi/V i 

= 

0.9370 

Pi/ Pi 

= 

1.6090 

T*/T x 

=Z 

1.1698 

Pri/ Pri 

= 

1.5179 

Tti /Tt\ 

= 

1.1489 

W/Hti 


0.1507 

Vc 

= 

0.8402 


MIXED 

PERFORMANCE 


Pri/Pipi 

= 

0.9300 

Vs/V, 

= 

0.8603 

Pi/ Pi 

= 

1.6761 

Ta/Ti 

= 

1.1924 

Pri/ Pri 

= 

1.4717 

Tti/Tti 

= 

1.1489 

W/Hti 


0.1507 

Jk 

= 

0.7744 
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VPR-12f-t3 


Front Blade: 


GEOMETRY, 


Upper: 

Lower: 


01 

a 

b 

Cr 

0 2 

c 

d 

o.ooool 

0.0000 

0.0000 

0.6250 


0.0000 

42.6379 


12.0000 

0.0000 

0.5000 

0.0000 1 

0.0000 

0.0000 


4.0000 


Ppaign 

36.8700 


0T 


'r anionic 

58.3920 


CONDITIONS; (Transonic) 



Pt\ = 

11.19 psia 


Tt i 

= 512.7 deg.R 

Vr = 1358.6 

ft /sec 

P,/Pri 

= 1.200 


Ai/Ai = 0.8677 

Mr = 1.27 


Y£n 

= 1366.6 

ft /sec 

WdA = 41.89 


^ ad, 

Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute ^ J 

Mi 

— 

0.607 


M[ 



Mi 



ATj 

= 

0.645 


Vi 

= 

650.7 

ft/sec 

V{ 


ft /sec 

Vi 


ft/sec 

V, 

= 

751.1 

ft/sec 

Qri 

= 

0.00 

deg. 

Q \ 

= 64.41 

deg. 

a 2 

= 56.86 

deg. 

a 7 

s 

-40.59 

deg. 

A 

= 

8.719 

psia 

P[ 

= 8.719 

psia 

Pi 

= 13.376 

psia 

p. 

= 

13.376 

psia 

Ti 


477.4 

deg.R 

Ti 

= 477.4 

deg.R 

r 2 

= 558.3 

deg.R 

T, 

ss 

564.0 

deg.R 

Pri 

— 

11.19 

psia 

Pt i 


psia 

Pt, 

= 24.66 

psia 

Pr 2 

= 

18.28 

psia 

3ti 

= 

512.7 

deg.R 

r Tl 

= 666.3 

deg.R 

Jh- 

= 661.0 

deg.R 

Tt, 

= 

617.4 

deg.R 


| Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.607 





Mi 

= 

0.889 


Mj 

= 

0.597 


Vi 

= 

650.6 

ft/sec 

V{ 


ft/sec 

vi 

= 

1040.7 

ft/sec 

v 3 

= 

702.6 

ft/sec 


= 

0.00 

deg. 

°i 

= 64.41 

deg. 

«2 

= 

61.25 

deg. 

a 2 


-43.83 

deg. 

Pi 

= 

8.719 

psia 

P,' 

= 8.719 

psia 

P5 

= 

14.049 

psia 

P 7 

= 

13.825 

psia 

T i 


477.4 

deg.R 

T[ 

= 477.4 

deg.R 

Ti 

= 

570.8 

deg.R 

T, 

= 

576.3 

deg.R 

Pri 

— 

11.19 

psia 

pt 

r Tl 


psia 

Pt, 

= 

23.47 

psia 

Pr, 

= 

17.59 

psia 

Tti 

= 

512.7 

deg.R 

rnt 

_2L1 

= 666.3 

deg.R 

J5x_ 


661.0 

deg.R 

Tt, 


617.4 

deg.R 


UNMIXED 

PERFORMANCE 


Pt ,1 Pt i 

= 

0.8810 

Vj/Vi 

= 

1.1542 

P 2 /P 1 

= 

1.5342 

T s/Pi 

= 

1.1814 

Pr,/Pri 

= 

1.6342 

T t ,/Tti 

= 

1.2043 

W/Hti 

= 

0.2146 

Vc 

= 

0.7019 


MIXED 

PERFORMANCE 


Pt,/Pti 

= 

0.8383 

V 3 jV\ 

= 

1.0799 

P,/Pi 


1.5856 

T 3 /T x 


1.2071 

Pr,/Pri 

= 

1.5727 

T t ,/T ti 

= 

1.2043 

W/Hti 

= 

0.2146 

Jk 

= 

0.6434 
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VPR-12f-t4 


GEOMETRY 


Front Blade: 


Upper: 

Lower: 


e i 

a 

b 

Cr 

0 7 

C 

d 

0.0000 

0.0000 

0.0000 

0.6250 


0.0000 

42.6379 

giffiTTiTil 

12.0000 

0.0000 

0.5000 

0.0000 

0.0000 

0.0000 


C\ 

WU!f 


4.0000 

36.8700 

58.3920 | 


CONDITIONS; (Transonic) 



Pri 

= 11,19 psia 


Tti = 

512.7 deg.R 

v R 

= 1358.6 ft/sec 

P i/Pn 

= 1.300 


Aj/Ai = 0.8677 

M R 

= 1.26 

Sfe 1 

= 1366.6 

ft/sec 

W c /A = 38.80 


| Inlet 

Exit | 

j Absolute 

Relative 

Relative 

Absolute 

Mi 

ss 

0.538 



= 1.369 


Mi 

= 

0.851 


m 3 

S 

0.656 


Vi 

= 

580.8 

ft /sec 

V{ 

= 1477.5 

ft /sec 

Vi 

= 

999.5 

ft /sec 

V 3 

= 

775.4 

ft /sec 

Ori 

= 

0.00 

deg. 

a i 

= 66.86 

deg. 

a 2 

= 

56.74 

deg. 


= 

-48.70 

deg. 

Pi 

= 

9.186 

psia 

Pi 

= 9.186 

psia 

Pi 

= 

14.158 

psia 

P2 

= 

14.158 

psia 

T i 

ss 

484.6 

deg.R 

T[ 

= 484.6 

deg.R 

Ti 

= 

573.4 

deg.R 

t 3 

= 

581.0 

deg.R 

Pri 

= 

11.19 

psia 

P'ti 

= 28.00 

psia 

Pi-2 

= 

23.86 

psia 

Pr 2 

ss 

19.69 

psia 

Tti 

= 

512.7 

deg.R 


= 666.3 

deg.R 

Jk. 

= 

661.0 

deg.R 

Tt 3 

s 

638.6 

deg.R 


| Inlet 

Exit | 

| Absolute 

Relative 

Relative 

Absolute | 

Mi 

= 

0.538 


M[ 

= 

1.369 


Mi 

= 



M 2 

s 

Emm 


Vi 

= 

580.7 

ft/sec 

Vi 

— 

1477.5 

ft/sec 

Vi 

= 

941.4 

ft/sec 

v 3 

S 

723.4 

ft/sec 

Ofl 

= 

0.00 

deg. 


s 

66.86 

deg. 


SS 

63.02 

deg. 

02 

= 

-53.20 

deg. 

Pi 


9.186 

psia 

Pi 

= 

9.186 

psia 

Pi 

= 

14.923 

psia 

Pi 

= 

14.644 

psia 

Ti 

= 

484.6 

deg.R 

7i 

= 

484.6 

deg.R 

Ti 

= 

587.2 

deg.R 

t 3 

s 

595.0 

deg.R 

Pr i 

= 

11.19 

psia 

Pi-i 

= 


psia 

Pt2 

= 

22.58 

psia 

Pr i 

= 

18.75 

psia 

Tn 


512.7 

deg.R 

Hi 

ss 

666.3 

deg.R 


= 

661.0 

deg.R 

Tti 

= 

638.6 

deg.R 


UNMIXED 

PERFORMANCE 


P'ti/P'tx 

SS 

0.8524 

V 3 /Vi 

= 

1.3351 

Pi/Pi 

= 

1.5413 

t 3 /t , 

= 

1.1990 

Pri/Pri 

= 

1.7598 

Tti/Tti 

= 

1.2457 

W/H t i 

= 

0.2555 

Jk 

SS 

0.6858 


MIXED 

PERFORMANCE 


Pti/P'ti 

= 

0.8065 

V 3 /Vi 

= 

1.2457 

Pi/ Pi 

= 

1.5942 

T 3 /Ti 

= 

1.2279 

Pti/Pti 

ss 

1.6762 

Tti/Tti 

= 

1.2457 

W/Hti 

= 

0.2555 

Vc 

= 

0.6224 
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VPR-12f-t5 


Front Blade: 


Upper: 

Lower: 


GEOMETRY 


01 

a 

b 

Cr 


C 

d 

0.0000 

0.0000 

0.0000 

0.6250 

-5.9960 

0.0000 

42.6379 


12.0000 

0.0000 

0.5000 

0.0000 

0.0000 

0.0000 


Cl 1 ^Desist* j ^Tramoni'c 


4.0000 I 36.8700 I 58.3920 


CONDITIONS: (Transonic) 


Vr 

= 1358.6 

Pri = 

ft/sec 

11.19 psia 

P 7 /Pri = 1150 

7-ri 

= 512.7 deg.R 

AijA\ 

= 0.8677 

Mr 

= 1.28 

V Cm = 1366.6 

ft/sec 

W C /A 

= 44.81 




1 Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute | 

Mi 

= 

0.689 


M[ 

= 1.454 


M!i 



Mi 

= 

0.639 


Vi 

= 

730.7 

ft /sec 

v( 

= 1542.6 

ft /sec 

Vi 

= 1156.7 

ft/sec 

v 3 


737.1 

ft/sec 

<*1 

= 

0.00 

deg. 


= 61.73 

deg. 


= 57.18 

deg. 

0 2 


-34.06 

deg. 

Pi 

= 

8.145 

psia 

n 

= 8.145 

psia 

P 2 

= 13.188 

psia 

Pi 

= 

13.188 

psia 

T i 

= 

468.2 

deg.R 

i i 

= 468.2 

deg.R 

Ti 

= 549.7 

deg.R 

T 2 


553.5 

deg.R 

Pri 

= 

11.19 

psia 

Pti 

= 28.00 

psia 

Pti 

= 25.90 

psia 

P T7 

= 

17.78 

psia 

7xi 

= 

512.7 

deg.R 

T tx 

as 666.3 

deg.R 

Jx2_ 

= 663.9 

deg.R 

7x2 

— 

603.3 

deg.R 


hr iOAA. 

Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

— 

0.689 


M[ 

= 1.454 


ML 

= 

0.959 


M 3 

= 

0.586 


Vi 

- 

730.7 

ft/sec 

Vi 

= 1542.6 

ft/sec 

Vi 

= 

1113.3 

ft/sec 

v 3 

= 

682.6 

ft/sec 

<*1 


0.00 

deg. 

<*\ 

= 61.73 

deg. 

°2 

= 

61.01 

deg. 

02 

= 

-37.03 

deg. 

Pi 

= 

8.145 

psia 

Pi 

= 8.145 

psia 

Pi 

= 

13.866 

psia 

Pi 


13.693 

psia 

Ti 

= 

468.2 

deg.R 

T{ 

= 468.2 

deg.R 

Ti 

= 

560.8 

deg.R 

t 7 

= 

564.6 

deg.R 

Pri 

= 

11.19 

psia 

p* 

r Tl 

= 28.00 

psia 

Pt 7 

= 

25.04 

psia 

Pr 2 


17.28 

psia 

T t i 

= 

512.7 

deg.R 

rnt 

i Tl 

=s 666.3 

deg.R 

Jh. 

= 

663.9 

deg.R 


= 

603.3 

deg.R 


UNMIXED 

PERFORMANCE 



= 

0.9250 

V 3 /Vi 

= 

1.0088 

Pi/Pl 

= 

1.6191 

T 7 /Ti 

= 

1.1821 

Pnl Pri 

= 

1.5896 

T T 7 /Tti 

= 

1.1769 

W/Hti 

= 

0.1813 

Jk 


0.7808 


MIXED 

PERFORMANCE 


Pti/ Pti 

S 

0.8944 

V 7 /V x 

= 

0.9342 

Pi/ Pi 

— 

1.6811 

T 7 /Ti 


1.2058 

Pn/ Pri 

= 

1.5444 

Tt 7 /Tti 

= 

1.1769 

W/Hti 

r : 

0.1813 

Jk 

= 

0.7292 
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VPR-13f-tl 


Front Blade: 


GEOMETRY 


Upper: 


61 

a 

b 

C T 

e 2 

C 

d 

0.0000 

0.0000 

0.0000 

0.6250 

-11.9029 

0.0000 

84.6432 


12.0000 

0.0000 

0.5000 


12.0000 

0.0000 


Cl 


ESEH9II 

4.0000 

36.8700 

58.3920 | 


CONDITIONS: (Transonic) 


Vr 

= 1358.6 

P ri 
ft/sec 

= 11.19 psia 

Pi/Pri 

= 1.000 

Tti 

= 512.7 deg.R 

A j/Ai 

- 0.8677 

Mr 

= 1.28 


Y£r 

= 1366.6 

ft /sec 

W c /A 

= 44.85 


UNMIXED STA' 


[ Inlet 

Exit 

| Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.690 


M'i 

= 

1.455 


M 4 




M 2 

ZZ 

0.691 




732.1 

ft/sec 

Vi 

= 

1543.3 

ft /sec 

Vi 

=: 

1232.3 

ft/sec 

v 3 

= 

782.7 

ft/sec 

<*1 

= 

0.00 

deg. 

«i 

= 

61.68 

deg. 

a' 3 


55.17 

deg. 

0 2 

= 

-26.73 

deg. 

Pi 

= 

8.134 

psia 

Pi 


8.134 

psia 

Pi 


11.675 

psia 

P» 

= 

11.675 

psia 

Ti 


468.0 

deg.R 

Ti 

= 


deg.R 

Ti 

= 

533.5 

deg.R 

T, 

= 

533.9 

deg.R 

Pr i 

= 

11.19 

psia 

Pr x 

= 


psia 

Pi-2 

= 

25.93 

psia 

Pr 2 

= 

16.61 

psia 

Tti 

= 

512.7 

deg.R 

Jh. 

= 

666.3 

deg.R 

Jh- 

= 

663.1 

deg.R 

Tt 2 

= 

588.8 

deg.R 


| Inlet 

Exit | 

| Absolute 

Relative 

Relative 

Absolute 1 

Mi 


0.690 


Mi 

= 

1.455 


Mi 

= 



M 2 

ZZ 

0.604 


Vi 

— 

732.1 

ft/sec 

V{ 

= 

1543.3 

ft/sec 

Vi 

= 

1183.2 

ft/sec 

v 3 

= 

693.8 

ft/sec 


= 

0.00 

deg. 


= 

61.68 

deg. 

“J 

= 

59.32 

deg. 

02 

= 

-29.90 

deg. 

Pi 


8.134 

psia 

Pi 

S 

8.134 

psia 

Pi 

= 

12.479 

psia 

Pi 

= 

12.450 

psia 

Ti 

= 

468.0 

deg.R 

Ti 

= 


deg.R 

Ti 

= 

546.6 

deg.R 

t 3 

= 

548.8 

deg.R 

Pri 

= 

11.19 

psia 

Pfi 

= 


psia 

PT 2 

= 

24.54 

psia 

Pr 2 

= 

15.93 

psia 

Txi 


512.7 

deg.R 

T ' r , 

= 

666.3 

deg.R 

_Zzi_ 

— 

663.1 

deg.R 

Tt 3 

= 

588.8 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/Pt 1 

= 

0.9262 

V 3 fVi 

= 

1.0691 

P 2 /P 1 

22 

1.4353 

T 3 /Ti 

= 

1.1408 

Pra/Pri 

2= 

1.4850 

Tti /Tti 

= 

1.1486 

W/Htx 

= 

0.1526 

Jk 

= 

0.7839 


MIXED 

PERFORMANCE 


Pr j/Pti 

ss 

0.8766 

V 3 /Vi 

=r 

0.9477 

P 2 /P 1 


1.5306 

T 3 /T\ 

= 

1.1724 

Prj/Pri 

= 

1.4243 

7xa/7xi 

= 

1.1486 

W/Hti 

= 

0.1526 

Jk 

= 

0.6968 
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VPR-13f-t2 


Front Blade: 


Upper: 

Lower: 


GEOMETRY 


0 i 

a 

b 

Ct 

02 

c 

d 

0.0000 

0.0000 

0.0000 

0.6250 

-11.9029 

0.0000 

84.6432 

mum 

12.0000 

0.0000 

0.5000 

l.lilililil 

12.0000 

0.0000 

Cl 

MWM 

ffliESB 



4.0000 


36.8700 


58.3920 


CONDITIONS: (Transonic) 



Pri = 

11.19 psia 


Tti 

= 512.7 deg.R 

V R = 1358.6 

ft/sec 

P i/Pn 

= 1.100 


Aj/Ai = 0.8677 

Mr - 1.28 


Ycr 

= 1366.6 

ft/sec 

W c /A = 45.51 


f— Inlet 

Exit 

| Absolute 

Relative 

Relative 

Absolute 

M i 

= 

0.712 


M[ 

= 1.469 


M 3 

= 



Mi 

= 

0.679 


Vi 

= 

753.4 

ft /sec 

vi 

= 1553.5 

ft /sec 

Vi 

= 


fl/sec 

V, 

= 

775.4 

ft/sec 



0.00 

deg. 



deg. 

“a 

= 

55.31 

deg. 

02 

= 

-29.21 

deg. 

Pi 

— 

7.975 

psia 

Pi 

= 7.975 

psia 

P 2 

= 

12.617 

psia 

Pj 


12.617 

psia 

T x 

— 

465.4 

deg.R 

T[ 

= 465.4 

deg.R 

r 3 

s= 

542.6 

deg.R 

t 3 

= 

543.2 

deg.R 

Prx 

— 

11.19 

psia 

Pt i 


psia 

Pt, 

= 

26.55 

psia 

Pr , 

= 

17.78 

psia 

Tn 

= 

512.7 

deg.R 

Zzi 

= 666.3 

deg.R 

r T2 

= 

664.3 

deg.R 

Tt2 

s 

596.1 

deg.R 


Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.712 


M[ 

— 

1.469 


ML 

= 



M j 

— 

0.581 


Vi 

= 

753.4 

ft/sec 

V{ 

= 

1553.5 

ft /sec 

vi 

= 


ft/sec 

v 3 

= 

672.6 

ft /sec 


= 

0.00 

deg. 

«i 



deg. 

“a 

= 


deg. 

02 

= 

-33.64 

deg. 

Pi 

— 

7.975 

psia 

Pi 

= 

7.975 

psia 

Pi 

= 

13.599 

psia 

Pa 

S 

13.541 

psia 

Ti 

— 

465.4 

deg.R 

Ti 


465.4 

deg.R 

r 3 

= 

556.1 

deg.R 

T, 

= 

558.4 

deg.R 

Pr i 

— 

11.19 

psia 

Pt i 

= 


psia 

Pt, 

= 

25.34 

psia 

Pr, 

=r 

17.01 

psia 

Tn 

= 

512.7 

deg.R 

T* 

_Ln_ 

= 

666.3 

deg.R 

Jaa_ 


664.3 

deg.R 



596.1 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/Pti 

= 

0.9483 

V 3 /Vi 

= 

1.0292 

P,/Pl 

= 

1.5820 

T,/T x 

= 

1.1671 

Pr,/Pri 

= 

1.5895 

Tt, /Tti 

= 

1.1627 

W/Hti 

= 

0.1644 

Jk 

=z 

0.8612 


MIXED 

PERFORMANCE 


Pfa/^ri 

= 

0.9051 

V 3 /Vi 


0.8927 

Pa/Pi 

= 

1.6978 

T 3 /T\ 

= 

1.1999 

Pra/Pri 

= 

1.5210 

Tt,/Tti 

= 

1.1627 

W/Hti 

ss 

0.1644 

Jk 

= 

0.7743 
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VPR-13f-t3 


GEOMETRY 


Front Blade: 


Upper: 

Lower: 


8l 

a 

b 

Ct 

0 7 

C 

d 

0.0000 

0.0000 

0.0000 

0.6250 

-11.9029 

0.0000 

84.6432 


12.0000 

0.0000 

0.5000 

IBgfflUM 

12.0000 

0.0000 


Cl 



4.0000 

36.8700 

58.3920 


CONDITIONS; (Transonic) 



Pt\ = 

11.19 psia 


ftri 

= 512.7 deg.R 

V R = 1358.6 

ft/sec 

Pi/P ri 

= 1.200 


Aj/Aj = 0.8677 

Mr = 1.27 


Vc. 

= 1366.6 

ft /sec 

W c /A = 42.03 


| Inlet 

Exit { 

I Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.611 


K 

= 1.408 


M' 7 

ZZ 



M 3 


EXHM 


Vi 

ST 

654.3 

ft/sec 

v{ 

= 1508.0 

ft/sec 

Vi 

SS 

1054.4 

ft/sec 

v. 

= 

787.1 

ft/sec 

*1 

S 

0.00 

deg. 


= 64.28 

deg. 

°3 

= 

54.82 

deg. 

Orj 

= 

-41.23 

deg. 

Pi 

— 

8.694 

psia 

PI 

= 8.694 

psia 

Pi 

= 

13.724 

psia 

ft 

= 

13.724 

psia 

Ti 


477.0 

deg.R 

T[ 

= 477.0 

deg.R 

Ti 

= 

567.4 

deg.R 

ft 

“ 

570.3 

deg.R 

Pr i 


11.19 

psia 

Pt i 

= 28.00 

psia 

Pt, 

= 

24.48 

psia 

•ft 2 

= 


psia 

Tti 

= 

512.7 

deg.R 

Jzi_ 

= 666.3 

deg.R 


= 

663.3 

deg.R 

ft*2 

= 

626.5 

deg.R 


| Inlet 

I Exit ] 

Absolute 

Relative 

Relative 

Absolute 

My 

sr 

0.611 



= 

1.408 


Mi 




Mi 

— 

0.602 


Vi 

— 

654.3 

ft/sec 

V{ 

= 

1507.9 

ft/sec 

Vi 

= 

995.6 

ft/sec 

v 3 

S 

713.3 

ft/sec 

Otl 


0.00 

deg. 

<*i 

= 

64.29 

deg. 

a'i 

= 

60.41 

deg. 

<*2 

= 

-46.19 

deg. 

Pi 


8.694 

psia 

Pi 


8.694 

psia 

Pi 

= 

14.556 

psia 

p 3 


14.421 

psia 

ft 

= 

477.0 

deg.R 

Ti 

= 

477.0 

deg.R 

ft 

= 

580.8 

deg.R 

ft 

= 

584.2 

deg.R 

ftl 

sr 

11.19 

psia 

ftl 

= 

28.00 

psia 

ft 2 

= 


psia 

Pr 3 

ss 

18.42 

psia 

Tti 

= 

512.7 

deg.R 

Jh 1. 

S 

666.3 

deg.R 

_Zz2_ 

= 

663.3 

deg.R 

Tti 

= 

626.5 

deg.R 


UNMIXED 

PERFORMANCE 



= 

0.8743 

v 3 /v i 

= 

1.2029 

ft/ft 

as 

1.5787 

ft/ft 

= 

1.1956 

Pn/Pri 

= 

1.7198 

Tn/Tn 

— 

1.2221 

W/Hti 


0.2271 

Jk 

= 

0.7379 


MIXED 

PERFORMANCE 


fts/fti 

= 

0.8276 

V,/Vi 

= 

1.0901 

Pi! Pi 

= 

1.6588 

ft/ft 

= 

1.2246 

Pn/Pri 

= 

1.6469 

Tn/Tri 

= 

1.2221 

W/Hti 

s 

0.2271 

Jk 

zz 

0.6747 
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VPR-13.3-tl 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


0 1 


0.0000 


- 6.0000 


0.0000 


12.0000 


0.0000 


0.0000 


Or 


0.6250 


0.5000 




-11.9029 


- 6.0000 


Cl 


PTramonic 

4.0000 

36.8700 

58.3920 


0.0000 


12.0000 


d 

84.6432 


0.0000 


Upper: 

Lower: 


01 

1 a _ 

b 

C T 

*a 

c 

d 1 

20.4350 

BSM 

0.0000 

0.4000 

-17.8487 

33.8928 

0.0000 

12.4350 

-24.8700 

0.0000 

0.5000 

-12.4350 

24.8700 

0.0000 



cj 

0c 






6.0000 

18.4350 





CONDITIONS: (Transonic) 


Vr = 

1358.6 

a 

II 

11.19 psia 

Pa/Pri 

= 1.000 

Pri 

= 512.7 deg.R 

Aj/Ai 

= 0.8258 

Mr = 

1.28 

Y£r 

= 1366.6 

ft /sec 

W C /A 

= 45.23 


| Inlet 

Exit 

Absolute 

Relative ! 

Relative 

Absolute 



0.703 



= 1.463 


MJ 

= 



M 2 

— 

1.334 


Vi 

— 

744.2 

ft /sec 

V{ 

= 1549.1 

ft /sec 

Vi 

= 

962.9 

ft/sec 

Vi 


1571.9 

ft/sec 


= 

0.00 

deg. 


= 61.29 

deg. 

“a 


6.63 

deg. 

*2 


-52.52 

deg. 

Pi 

= 

8.045 

psia 

Pi 


psia 

Pa 

= 

11.232 

psia 

P» 

= 

11.232 

psia 

Ti 


466.6 

deg.R 

T[ 

= 466.6 

deg.R 

n 

= 

577.7 

deg.R 

T a 

= 

577.7 

deg.R 

Pri 


11.19 

psia 

Pt 1 


psia 

Pt a 

= 

18.17 

psia 

Pra 


33.71 

psia 

Tti 

= 

512.7 

deg.R 

r n 

= 666.3 

deg.R 

Jh 1 

= 

658.7 

deg.R 

Tti 

= 

787.2 

deg.R 


| Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

— 

0.703 


M{ 

= 1.463 


Mi 



Mt 

s 

1.178 


Vi 

— 

744.2 

ft/sec 

V{ 

= 1549.1 

ft /sec 

Vi 

= 715.0 

ft/sec 

Vi 

= 

1433.5 

ft /sec 


— 

0.00 

deg. 

<*i 

= 61.29 

deg. 

® a 

= 8.95 

deg. 

<* 2 

s 


deg. 

Pi 

3- 

8.045 

psia 

Pi 


psia 

Pi 

= 13.484 

psia 

Pi 

= 

13.484 

psia 

Ti 

S3 

466.6 

deg.R 

T[ 

= 466.6 

deg.R 

Ti 

= 616.2 

deg.R 

Ti 

= 

616.2 

deg.R 

Pri 


11.19 

psia 

pt 

r Tl 


psia 

Pt a 


psia 

Pra 

ss 

31.78 

psia 

Tti 

= 

512.7 

deg.R 

rpt 

1 Tl ... 

= 666.3 

deg.R 


= 658.7 

deg.R 

Tt 2 


787.2 

deg.R 


UNMIXED 

PERFORMANCE 


Pra/Pri 


0.6490 

Vi/Vi 

= 

2.1122 

P 3 /P 1 

= 

1.3962 

Ti/Ti 


1.2382 

Pra/Pri 

= 

3.0132 

Tra/Pri 

= 

1.5355 

W/Hti 

= 

0.5502 

Jk 

= 

0.6732 


MIXED 

PERFORMANCE 


Pra/Pri 

= 

0.6084 

Vi/V, 

= 

1.9262 

Pi/ Pi 

s 

1.6762 

Ti/Ti 

= 

1.3207 

Pra/Pri 

= 

2.8407 

Tn/Tn 

= 

1.5355 

W/Hti 

= 

0.5502 

Jk 

= 

0.6317 
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VPR-13.3-t2 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


Ox 

a 

b 

<T 

02 

c 

d 

0.0000 

0.0000 

0.0000 

0.6250 

-11.9029 

0.0000 

84.6432 

g.HiItlOl 

12.0000 

0.0000 

0.5000 


12.0000 

0.0000 


Cl 

W23BFBM 

&Tran§onit 

4.0000 

36.8700 

58.3920 


Upper: 

Lower: 


Ox 

a 

b 

C T 

02 

c 

d 

20.4350 

jgElKMtHl 

0.0000 

0.4000 

-17.8487 

33.8928 

0.0000 

12.4350 

-24.8700 

0.0000 

0.5000 

-12.4350 

24.8700 

0.0000 



C 2 

0 C 






6.0000 

18.4350 





CONDITIONS: (Transonic) 



Ptx = 

11.19 psia 


Ttx 

= 512.7 deg.R 

Vjt = 1358.6 

ft/sec 

P 2 / Ptx 

= 1.100 


Ai/Ax = 0.8258 

Mr = 1.28 


Vc* 

= 1366.6 

ft/sec 

W c /A = 44.61 


Inlet 

Exit | 

! Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.683 


M{ 

= 1.451 


ML 

ZT 



M, 

~ 

1.274 


Vi 

= 

724.7 

ft/sec 

V{ 

= 1539.8 

ft/sec 

Vi 

= 

894.9 

ft /sec 

V, 


1516.5 

ft/sec 

o 1 

= 

0.00 

deg. 


= 61.92 

deg. 

a 2 



deg. 

<*2 

= 

-54.26 

deg. 

Pi 

= 

8.189 

psia 

Pi 

= 8.189 

psia 

Pi 

= 


psia 

P2 

rz 

12.302 

psia 

Ti 

zr 

468.9 

deg.R 

T{ 

= 468.9 

deg.R 

Ti 

= 

589.8 

deg.R 

t 7 

s 

589.8 

deg.R 

Prx 

= 

11.19 

psia 

Ptx 


psia 

PT7 

= 

18.63 

psia 

P. rj 

= 

33.94 

psia 

Ttx 

= 

512.7 

deg.R 

Ptx 

= 666.3 

deg.R 

Jh- 

= 

660.5 

deg.R 

Tti 

— 

785.3 

deg.R 


| Inlet 

Exit | 

| Absolute 

Relative 

Relative 

Absolute | 

Mi 

= 

0.683 


M[ 

= 

1.451 


ML 

= 



m 7 


1.150 


Vx 

= 

724.7 

ft/sec 

Vi 

= 

1539.8 

ft/sec 

Vi 

= 

688.4 

ft/sec 

V 7 

= 

1404.6 

ft/sec 

Ql 

= 

0.00 

deg. 

*'x 

= 

61.92 

deg. 

°a 

= 


deg. 

C*2 

=r 

-61.21 

deg. 

Pi 

= 

8.189 

psia 

Pi 

s= 

8.189 

psia 

Pi 

= 

14.186 

psia 

P7 

= 

14.186 

psia 

Tx 

= 

468.9 

deg.R 

Ti 

= 

468.9 

deg.R 

Ti 

= 


deg.R 

t 7 

= 

621.1 

deg.R 

Prx 

= 

11.19 

psia 

Ptx 

= 

28.00 

psia 

Pri 

= 

17.60 

psia 

Pr 2 

= 

32.24 

psia 

Ttx 

s 

512.7 

deg.R 

T h 


666.3 

deg.R 

Jh- 

= 


deg.R 

Tt7 

= 

785.3 

deg.R 


UNMIXED 

PERFORMANCE 


Pt2/Ptx 

= 

0.6656 

V 7 /Vx 

= 

2.0925 

P2fPx 

= 

1.5022 

T 7 ITx 

= 

1.2578 

Pr7/P. ri 

= 

3.0337 

Tt 7 /Ttx 

= 

1.5318 

W/Htx 

= 

0.5430 

Jk 

= 

0.6871 


MIXED 

PERFORMANCE 


Pt 7 IPtx 

= 

0.6286 

V 7 /Vi 

= 

1.9381 

P 2 /P i 

= 

1.7323 

T 7 /T\ 

= 

1.3245 

Pt7/Ptx 

= 

2.8819 

Tti/Ttx 

=r 

1.5318 

W/Htx 

= 

0.5430 

Jk 

SE 

0.6503 
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VPR-13.3-t3 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


Ox 

& 

b 

C T 

6, 

c 

d 

0.0000 

0.0000 

0.0000 

0.6250 

-11.9029 

0.0000 

84.6432 

****** 

12.0000 

0.0000 

0.5000 


12.0000 

0.0000 


Cl 


4.0000 


Pd 


etign 


36.8700 


Pt i 


rangontc 


58.3920 


Upper: 

Lower: 


0i 

a 

b 

Or 

02 

c 

d 

20.4350 

gSKKiIil 

0.0000 

0.4000 

-17.8487 

33.8928 

0.0000 

12.4350 

-24.8700 

0.0000 

0.5000 

-12.4350 

24.8700 

0.0000 



Cl 

Pc 






6.0000 

18.4350 





CONDITIONS: (Transonic) 



Pri = 

11.19 psia 


Tt\ = 

512.7 deg.R 

Vr = 

1358.6 ft /sec 

PifPrx 

= 1.200 


Ai/Ai = 0.8258 

Mr = 

1.28 

VCn 

= 1366.6 

ft /sec 

W c /A = 45.33 


Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute | 

Mi 

= 

0.706 



= 1.465 


Mk 

= 



Mi 

— 

1.266 


Vi 

= 

747.4 

ft/sec 

V{ 


ft/sec 

Vi 

= 


fl/sec 

V, 

— 

1515.2 

ft/sec 

Oil 

= 

0.00 

deg. 


= 61.18 

deg. 

a 7 

= 


deg. 

Oj 

— 

-53.58 

deg. 

Px 


8.021 

psia 

Pi 


psia 

Pi 


13.487 

psia 

Pi 

= 

13.487 

psia 

Ti 

= 

466.2 

deg.R 

Ti 

= 466.2 

deg.R 

Ti 

= 

596.0 

deg.R 

Ti 

SS 

596.0 

deg.R 

Pr i 

= 

11.19 

psia 

P't i 


psia 

P'ti 

= 


psia 

Pri 

= 

37.07 

psia 

Tt i 

= 

512.7 

deg.R 

Hi 

= 666.3 

deg.R 

Jh _ 

= 

667.4 

deg.R 

Tti 

= 

789.5 

deg.R 


Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

— 

0.706 



= 1.465 


Mi 



Mi 

ss 

1.086 


Vi 

— 

747.4 

ft/sec 

V{ 


ft /sec 

Vi 

= 586.6 

ft/sec 

V, 

= 

1345.8 

ft /sec 

<*1 

— 

0.00 

deg. 

Q i 

= 61.18 

deg. 

a 2 

= 13.74 

deg. 

a 2 

= 

-64.95 

deg. 

Pi 

— 

8.021 

psia 

Pi 


psia 

Pi 

= 16.277 

psia 

Pi 

= 

16.277 

psia 

Ti 

— 

466.2 

deg.R 

Ti 

= 466.2 

deg.R 

Ti 

tmMm 

deg.R 

Ti 

S 

638.7 

deg.R 

Pr i 


11.19 

psia 

pt 
r T 1 


psia 

Pt, 

= 18.98 

psia 

Pr, 

S 

34.17 

psia 

Tti 

= 

512.7 

deg.R 

rpt 

1 T\ 

= 666.3 

deg.R 

Jh 1 

= 667.4 

deg.R 

Tti 

= 

789.5 

deg.R 


UNMIXED 

PERFORMANCE 


P'ti! P'ti 

= 

0.7379 

Vi/Vi 

= 

2.0273 

Pi/Pi 


1.6816 

Ti/Ti 

= 

1.2785 

Pri/Prx 

= 

3.3141 

Tti/Tt i 

= 

1.5400 

W/H t i 

= 

0.5378 

Jh 

= 

0.7590 


MIXED 

PERFORMANCE 


Pti/Pti 

= 

0.6779 

Vi/Vi 

= 

1.8007 

Pi/ Pi 

= 

2.0294 

Ti/Ti 

= 

1.3702 

Pti/Pti 

= 

3.0544 

Tti/Tt \ 

= 

1.5400 

W/Hti 

= 

0.5378 

Vc 


0.6987 
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VPR.-13.4-tl 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


01 

& 

b 

Cr 

02 

c 

d 

0.0000 

0.0000 

0.0000 

0.6250 

-11.9029 

0.0000 

84.6432 


12.0000 

0.0000 

0.5000_ 


12.0000 

0.0000 


ci 


4.0000 


Pd 


eiiin 


36.8700 


0r, 


ram on tc 


58.3920 


Upper: 

Lower: 


01 

a 

b 

Ct 

02 

c 

d 

23.4350 


0.0000 

0.4000 

-20.8764 

39.9390 

0.0000 

15.4350 

bseesi 

0.0000 

0.5000 

-15.4350 

30.8700 

0.0000 



Cj I 

Pc 






6.0000 | 

21.4350 





CONDITIONS: (TVansonic) 


v R 

= 1358.6 

Pf i = 

ft/sec 

11.19 psia 

P i/Pri 

= 1.100 

Tti 

= 512.7 deg.R 

Aj/Ax 

= 0.8258 

Mr 

= 1.28 


Vc„ 

= 1366.6 

ft/aec 

W c /A 

= 44.89 


| Inlet 

Exit 

| Absolute 

Relative | 

Relative 

Absolute 

Mi 

— 

0.692 


M{ 

= 

1.456 


ESI 


0.755 


M, 

= 

1.264 


Vi 

= 

733.3 

ft/sec 

V{ 

s 

1543.9 

ft /sec 

vi 


897.7 

ft/sec 

v 3 

s 

1503.5 

ft/sec 

*1 

= 

0.00 

deg. 


= 

61.64 

deg. 

*3 

= 

9.23 

deg. 

a 2 

= 

-53.89 

deg. 

Pi 


8.125 

psia 

Pi 

= 

8.125 

psia 

Pi 

= 

12.309 

psia 

p> 

= 

12.309 

psia 

Ti 

= 

467.9 

deg.R 

Ti 


467.9 

deg.R 

Ti 

s= 

588.9 

deg.R 

T, 

ss 

588.9 

deg.R 

P ri 

= 

11.19 

psia 

Pt i 

= 


psia 

pT7 

=r 

18.85 

psia 

Pr a 

= 

33.68 

psia 

Tn 


512.7 

deg.R 

Jzi_ 

= 

666.3 

deg.R 


= 

660.5 

deg.R 

Tt 3 

= 

781.6 

deg.R 


j Inlet 

Exit | 

| Absolute 

Relative 

Relative 

Absolute 1 

Mi 

= 

0.692 


M[ 

= 

1.456 


Mi 

=: 



M 3 

2 

1.149 


Vi 

= 

733.3 

ft/sec 

V{ 

= 

1543.9 

ft/sec 

Vi 

= 

712.0 

ft/sec 

v 3 

= 

1400.5 

ft/sec 

ot\ 

= 

0.00 

deg. 


= 

61.64 

deg. 

®3 

= 

11.67 

deg. 

<*2 

= 

-60.14 

deg. 

Pi 

= 

8.125 

psia 

pi 

= 

8.125 

psia 

Pi 

= 

14.052 

psia 

Pi 

= 

14.052 

psia 

Ti 

= 

467.9 

deg.R 

Ti 

ss 

467.9 

deg.R 

Ti 

= 

618.3 

deg.R 

T 3 

= 

618.3 

deg.R 

P ri 

= 

11.19 

psia 

Pt i 

32 


psia 

Pt s 

= 


psia 

Pr 3 

= 

31.90 

psia 

Tt i 

= 

512.7 

deg.R 

Jh_ 

= 

666.3 

deg.R 

Jh _ 

= 

660.5 

deg.R 

Tt 3 

=r 

781.6 

deg.R 


UN MIXED 
PERFORMANCE 


Pti/Pti 

S 

0.6733 

V 3 /Vi 

= 

2.0502 

Pi/ Pi 

= 

1.5149 

Ti/Ti 

= 

1.2586 

Pn/Pri 

s 

3.0105 

Tn /Tti 

ss 

1.5246 

W/Hti 

= 

0.5358 

Vc 

= 

0.6908 


MIXED 

PERFORMANCE 


Pti/Pti 

= 

0.6324 

Vi/Vi 

= 

1.9098 

Pi/Pi 

= 

1.7294 

Ti/Ti 


1.3215 

Pn/Pn 


2.8521 

Tn/Tn 

= 

1.5246 

W/Hti 

= 

0.5358 

Jk 

= 

0.6516 
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VPR-13.5-tl 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


e i 

a 

b 

Cr 

h 

C 

d 

0.0000 

0.0000 

0.0000 

0.6250 

-11.9029 

0.0000 

84.6432 


12.0000 

0.0000 

0.5000 

MB.Iili.ul 

12.0000 

0.0000 


Cl 

WmB. SffSB 

ES99599 

4.0000 

36.8700 

58.3920 | 


Upper: 

Lower: 


0i 

a 

— B — 

C T 

02 

c 

d 

26.4350 

BUM 

0.0000 

0.4000 

-23.9086 

45.9926 

0.0000 

18.4350 

-36.8700 

0.0000 

0.5000 

-18.4350 

36.8700 

0.0000 



Cl 

0C 






6.0000 

24.4350 





CONDITIONS: (‘Dransonic) 



Pti = 

11.19 psia 


Tn = 

512.7 deg.R 

Vr 

= 1358.6 ft/sec 

P 2 /Pri 

= 1.000 


Aj/Ai = 0.8258 

Mr 

= 1.28 

Vc* 

= 1366.6 

ft/sec 

W c /A = 45.54 


| Inlet 

Exit 

I Absolute 

Relative 

Relative 

Absolute | 

M\ 

= 

0.713 


M 1 

= 1.470 


Mj 

= 



Mi 

= 

1.433 


Vi 


754.4 

ft/sec 

v{ 

= 1554.0 

ft/sec 

Vi 

= 


ft/sec 

V, 

= 

1663.7 

ft/sec 

Ol 

= 

0.00 

deg. 

°i 

= 60.96 

deg. 

®'a 


7.37 

deg. 

<*2 

= 

-46.72 

deg. 

Pi 


7.968 

psia 

Pi 

= 7.968 

psia 

Pi 

= 

11.133 

psia 

Pi 

s 

11.133 

psia 

Ti 

= 

465.3 

deg.R 

Ti 

= 465.3 

deg.R 

Ti 

= 


deg.R 

Ti 

S 

560.7 

deg.R 

P. ri 

= 

11.19 

psia 

Pr i 

= 28.00 

psia 

Pt, 

= 


psia 

Pn 

= 

37.33 

psia 

Tn 

= 

512.7 

deg.R 

Jll_ 

= 666.3 

deg.R 

1 Z2_ 

= 

669.2 

deg.R 

Tn 

= 

789.5 

deg.R 


MIXED STATION AVERAGES 


Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 


0.713 


Mi 

~ 

HRWjBj 


Mi 

= 



Mi 

zz 

1.089 


Vi 

— 

754.4 

ft/sec 

Vi 

=r 


ft/sec 

Vi 


612.3 

ft/sec 

Vi 

= 

1349.1 

ft/sec 


s 

0.00 

deg. 

Q 'i 

= 


deg. 

°a 

= 

13.94 

deg. 

«2 

= 

-63.86 

deg. 

Pi 

— 

7.968 

psia 

Pi 


7.968 

psia 

Pi 

= 

15.825 

psia 

Pi 

= 

15.825 

psia 


= 

465.3 

deg.R 

Ti 


465.3 

deg.R 

Ti 

= 


deg.R 

Ti 

= 

638.0 

deg.R 

Pn 


11.19 

psia 

Pn 

= 


psia 

Pt a 

SS 


psia 

Pn 


33.35 

psia 

Tn 

= 

512.7 

deg.R 

T Tl 


666.3 

deg.R 

_Zk_ 

= 

669.2 

deg.R 

Tn 

= 

789.5 

deg.R 


UNMDCED 

PERFORMANCE 


Pt i/Pr i 

= 

0.7497 

v i/vi 


2.2052 

Pi/Pi 

= 

1.3973 

Ti/ 7\ 

= 

1.2051 

Pn/Pr i 

= 

3.3372 

Tn/Tri 

= 

1.5400 

W/H t i 

= 

0.5342 

Jk 

= 

0.7694 


MIXED 

PERFORMANCE 


Pti/Pji 

= 

0.6681 

Vi/V, 

= 

1.7882 

Pi/ Pi 

= 

1.9861 

Ti/T\ 

= 

1.3712 

Pn/Pn 

3S 

2.9814 

Tn/Tn 

= 

1.5400 

W/H t i 

SS 

0.5342 

Jk 

= 

0.6857 
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VPR-13.5-t2 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


6 i 

a 

— E 

Cr 


c 

d 

0.0000 

0.0000 

0.0000 

0.6250 

-11.9029 

0.0000 

84.6432 


12.0000 

■« 1 DTiTr*M 

0.5000 


12.0000 

0.0000 


ci 


4.0000 


0D 


etign 


36.8700 


0Tran$onie 


58.3920 


Upper: 

Lower: 


e 1 

a 

b 

Cr 

*2 

c 

d 

26.4350 

EZffla 

0.0000 

0.4000 

-23.9086 

45.9926 

0.0000 

18.4350 

M 

0.0000 

0.5000 

-18.4350 

36.8700 

0.0000 



C2 

Pc 






6.0000 

24.4350 





CONDITIONS: (Transonic) 



Pri = 

11.19 psia 


Tn = 

512.7 deg.R 


Vr = 1358.6 

ft/sec 

Pr/Pri 

= 1.150 


Aj/A i 

- 0.8258 

Mr = 1.28 

VC„ 

= 1366.6 

ft/sec 

W c /A 

= 44.94 


| Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 


0.693 


M{ 

= 

1.457 


Mi 

= 

0.712 


M a 

rs 

1.247 


Vi 

= 

734.8 

ft /sec 

V{ 

ss 

1544.6 

ft /sec 

Vi 

= 

853.5 

ft/sec 

V, 

= 

1495.0 

ft/sec 



0.00 

deg. 

«i 

= 

61.59 

deg. 

<*2 

SS 

8.41 

deg. 

<*2 


-55.61 

deg. 

P i 

= 

8.115 

psia 

Pi 

ss 

8.115 

psia 

Pi 

= 

12.969 

psia 

P 2 

= 

12.969 

psia 

Ti 

= 

467.7 

deg.R 


ss 

467.7 

deg.R 

n 

= 

598.0 

deg.R 

Ti 

= 

598.0 

deg.R 

Pri 

= 

11.19 

psia 

Pti 

= 


psia 

PT2 

= 

19.06 

psia 

PT2 

= 

34.64 

psia 

Tn 

= 

512.7 

deg.R 

r Tl 

= 

666.3 

deg.R 

Jk- 

= 

663.4 

deg.R 

Tt 2 

ss 

788.7 

deg.R 


Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

SS 

0.693 


M[ 

ss 

1.457 


Mi 

ss 

0.573 



= 

1.155 


Vi 

ss 

734.8 

ft/sec 

V{ 

= 

1544.6 

ft/sec 

Vi 

= 

700.3 

ft/sec 

Vi 

= 

1413.1 

ft/sec 

ai 

ss 

0.00 

deg. 

°i 

= 

61.59 

deg. 

a 2 

ss 

10.27 

deg. 

Of 2 

= 

-60.81 

deg. 

Pi 

sz 

8.115 

psia 

Pi 


8.115 

psia 

Pi 

= 

14.412 

psia 

P» 

= 

14.412 

psia 

Ti 


467.7 

deg.R 

Ti 

= 

467.7 

deg.R 

Ti 

ss 

622.6 

deg.R 

Ti 

ss 

622.6 

deg.R 

Pri 

ss 

11.19 

psia 

Pti 

= 


psia 

Pn 

ss 


psia 

P T2 

= 

32.99 

psia 

Tt i 

= 

512.7 

deg.R 

Ih 

= 

666.3 

deg.R 

_2i_ 

= 

663.4 

deg.R 

Tt 2 

ss 

788.7 

deg.R 


UNMIXED 

PERFORMANCE 


Pfj/Pfi 

= 

0.6808 

Vi/Vi 

= 

2.0346 

P2/P1 

SS 

1.5982 

Ti/Ti 

= 

1.2785 

Prs/P ri 

= 

3.0962 

Tti/Tti 

= 

1.5386 

W/Hti 

=: 

0.5442 

Jk 


0.7004 


MIXED 

PERFORMANCE 


PT2/PT1 

= 

0.6429 

V2/V1 


1.9232 

P 2 /P 1 

= 

1.7760 

Ti/Ti 

= 

1.3311 

Pra/Pri 

ss 

2.9489 

Tt 2 /Tti 

= 

1.5386 

W/Hti 

= 

0.5442 

Jk 

ss 

0.6653 
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VPR-13.6-tl 


CjFOMKTRY 


Front Blade: 


Aft Blade: 


Upper: 

Lower: 


Ox 


0.0000 


- 6.0000 


0.0000 


0.0000 


Or 


0.6250 


o 1 


-11.9029 


Cl 



4.0000 

36.8700 

58.3920 | 


c 

0.0000 


12.0000 


d 

84.6432 


0.0000 


Upper: 

Lower: 


I Ox 

a 

b 

Ct 

02 

c 

d 



0.0000 

0.4000 

-17.8487 

33.8928 

0.0000 

12.4350 

-24.8700 

0.0000 

0.5000 

-12.4350 

24.8700 

0.0000 



Cl 

Pc 






6.0000 

24.4350 





Vr 

= 1358.6 

Ptx — 

ft /sec 

11.19 psia 

P 2 /Prx 

= 1.100 

Ttx = 

512.7 deg.R 

A 2 I A\ = 0.8258 

Mr 

= 1.28 

Vc, 

= 1366.6 

ft/sec 

Wc/A = 45.06 


[ Inlet 

ULMU 1 fl T ■■ ■ ■■ — — ; 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 



0.697 


M'x 

= 1.459 


Mi 

= 



Mj 

= 

1.196 


Vx 

= 

738.6 

ft/sec 

vi 

= 1546.4 

ft /sec 

Vi 


883.1 

ft/sec 

v 2 

2 

1425.4 

ft/sec 

ai 

= 

0.00 

deg. 


= 61.47 

deg. 

Q j 

= 

14.33 

deg. 

<*2 

2 

-53.11 

deg. 

Pi 

— 

8.086 

psia 

P{ 


psia 

Pi 

= 


psia 

Pi 

= 


psia 

Tx 

= 

467.3 

deg.R 

T[ 

= 467.3 

deg.R 

Ti 

= 

591.2 

deg.R 

1 7 

= 

591.2 

deg.R 

Pr\ 

= 

11.19 

psia 

Pjx 


psia 

Pfj 

= 

18.59 

psia 

Pr7 

2 


psia 

Ttx 

= 

512.7 

deg.R 

r T 1 

= 666.3 

deg.R 

r TJ 

= 

659.7 

deg.R 

Tt 7 

= 

763.9 

deg.R 


Inlet 

AT 

Ej 

rit 

Absolute 

Relative 

Relative 

Absolute 

Mi 



0.697 


M'x 

= 1.459 


Mi 



m 2 


1.119 


Vi 



738.6 

ft/sec 

V{ 

= 1546.4 

ft/sec 

Vi 

= 765.4 

ft/sec 

v 7 

2 

1355.6 

ft/sec 

Ori 



0.00 

deg. 

ai 

= 61.47 

deg. 

07 

= 16.59 

deg. 

02 

= 

-57.24 

deg. 

Py 



8.086 

psia 

Pf 


psia 

P 7 

= 13.567 

psia 

Pi 

= 

13.567 

psia 

Ti 

= 

467.3 

deg.R 

T[ 

= 467.3 

deg.R 

Vx 


deg.R 

t 2 

= 

611.0 

deg.R 

Pri 


11.19 

psia 

pt 
*T 1 


psia 

PT7 

= 17.75 

psia 

Pr7 

2 

29.65 

psia 

TVi 

= 

512.7 

deg.R 

JK. 

= 666.3 

deg.R 

Jk- 

= 659.7 

deg.R 

*3 

= 

763.9 

deg.R 


UNMEXED 
PERFORMANCE 


MIXED 
PERFORMANCE 


Pti/ Pti 

= 

0.6641 

V 2 /Vx 

= 

1.9298 

Pi/Px 

2 

1.5346 

T 2 /Tx 

= 

1.2652 

Pn/P^ri 

2 

2.7485 

Tt 2 /Ttx 

2 

1.4901 

W/H T x 

= 

0.5029 

Jte 

= 

0.6660 


Pt 7 /Ptx 


0.6340 

V 7 /V 1 

= 

1.8354 

P 2 /Px 

= 

1.6778 

T,/Tx 

= 

1.3076 

Pti/Ptx 

— 

2.6508 

Ttj/Tti 

= 

1.4901 

W/Htx 

= 

0.5029 

Tic 

= 

0.6387 
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VPR-13.7-tl 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


6 1 

a 

b 

Cr 

e 2 

C 

d 

0.0000 

0.0000 

0.0000 

0.6250 

-11.9029 

0.0000 

84.6432 


12.0000 

0.0000 

0.5000 

gfllMjj 

12.0000 

0.0000 


Cl 

1 


4.0000 

36.8700 

58.3920 | 


Upper: 

Lower: 


0i 

a 

b 

Cr 

07 

c 

d 

20.4350 

-44.8700 

0.0000 

0.4000 

-17.8487 

33.8928 

0.0000 

12.4350 

-24.8700 

0.0000 

0.5000 

-12.4350 

24.8700 

0.0000 



Cj 

0c 






6.0000 

30.4350 





CONDITIONS; (Transonic) 


Vr = 

1358.6 

Pti = 

ft /sec 

11.19 psia 

Pi/Pri 

= 1.000 

7xi 

= 512.7 deg.R 

A 2 /A\ = 0.8258 

Mr = 

1.28 


V c* 

= 1366.6 

ft/sec 

W c /A = 45.15 


UNMIXED STA‘ 


| Inlet 

Exit | 

| Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.700 


M{ 

= 

1.461 


m 2 

s 



A/j 

s 

1.178 


Vi 

= 

741.4 

ft/sec 

vi 

= 

1547.7 

ft/sec 

Vi 

= 

1047.9 

ft/sec 

V, 

= 

1376.3 

ft/sec 

Oc\ 

= 

0.00 

deg. 


= 

61.38 

deg. 


= 

21.63 

deg. 

Ora 

= 

•44.95 

deg. 

Pi 

S 

8.066 

psia 

Pi 

= 


psia 

Pi 


11.196 

psia 

Pi 

s 

11.196 

psia 

Ti 

ST 

466.9 

deg.R 

Ti 


466.9 

deg.R 

Ti 

= 

567.6 

deg.R 

T a 

SS 

567.6 

deg.R 

Pr i 

S 

11.19 

psia 

Pti 

= 


psia 

P T3 

= 

19.77 

psia 

Pr 3 

= 

27.23 

psia 

7xi 

S 

512.7 

deg.R 

Tt i 

= 

666.3 

deg.R 

_Zxa_ 

= 

663.1 

deg.R 

7x2 

= 

729.3 

deg.R 


| Inlet 

Exit 

| Absolute 

Relative 

Relative 

Absolute 

Mi 


0.700 


Mi 


1.461 


Mi 

= 



A/a 

= 

1.002 


Vi 

= 

741.4 

ft/sec 

V{ 

= 

1547.7 

ft/sec 

Vi 

= 

818.1 

ft/sec 

Va 

= 

1210.6 

ft/sec 

Of 1 


0.00 

deg. 

<*i 

= 

61.38 

deg. 

«2 

= 

28.18 

deg. 

a 7 

= 

-53.43 

deg. 

Pi 

= 

8.066 

psia 

Pi 

= 


psia 

Pi 


13.569 

psia 

P 2 

=S 

13.569 

psia 

Ti 

s 

466.9 

deg.R 

Ti 

= 

466.9 

deg.R 

Ti 

= 


deg.R 

3 2 

= 

607.3 

deg.R 

Pr i 

= 

11.19 

psia 

Pi-i 

=r 


psia 

^ra 

= 

18.45 

psia 

Pr 2 


25.75 

psia 

Tt i 

= 

512.7 

deg.R 

J±L_ 


666.3 

deg.R 

JSa_ 

= 

663.1 

deg.R 

7X2 

= 

729.3 

deg.R 


UNMIXED 

PERFORMANCE 


Pti! Pti 

= 

0.7062 

V 2 /V 1 

r= 

1.8564 

P 2 /P 1 

= 

1.3881 

T2/T1 

= 

1.2157 

Pri/Pri 

= 

2.4341 

7X2 /Txi 

— 

1.4226 

W/H t 1 

= 

0.4289 

Jk 


0.6748 


MIXED 

PERFORMANCE 


P^/Pii 

= 

0.6590 

V2/V1 

= 

1.6328 

P7/P1 


1.6824 

T2/T1 

— 

1.3008 

Pn/Pri 

= 

2.3015 

Tti/Tti 

2 

1.4226 

W/Hti 

SS 

0.4289 

Jk 

= 

0.6270 


4 
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VPR-13.7-t2 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


Upper: 

Lower: 


01 

a 

b 

C T 

02 

c 

d 

0.0000 

0.0000 

0.0000 

0.6250 

-11.9029 

0.0000 

84.6432 


12.0000 

0.0000 

0.5000 


12.0000 

0.0000 


ci 


4.0000 


0D 


etign 


36.8700 


Pr i 


rantonxc 


58.3920 



1 a 

b 

C T 

02 

c 

d 

20.4350 

eaMii 

0.0000 

0.4000 

-17.8487 

33.8928 

0.0000 

12.4350 

-24.8700 

0.0000 

0.5000 

-12.4350 

24.8700 

0.0000 



C 2 

Pc 






6.0000 

30.4350 





CONDITIONS; (Transonic) 


Vr 

= 1358.6 

II 

fi 

11.19 psia 

Pi/Pti 

= 1.100 

Tti 

= 512.7 deg.R 

MfM 

= 0.8258 

Mr 

= 1.28 

Ye* 

= 1366.6 

ft /sec 

W c /A 

= 45.19 


| Inlet 

Exit 

Absolute 

Relative i 

Relative 

Absolute 

M i 


0.701 


M[ 

= 1.462 


MJ 

— 



Mj 

— 




— 

742.9 

ft /sec 

V{ 

= 1548.4 

ft /sec 

Vi 


969.9 

ft /sec 

V, 

s 


ft/sec 

*1 

= 

0.00 

deg. 

a \ 

= 61.33 

deg. 

“a 

= 

24.54 

deg. 

C*2 

= 

-47.29 

deg. 

Pi 


8.054 

psia 

Pi 


psia 

Pi 

= 


psia 

Pi 

= 


psia 

T x 

= 

466.7 

deg.R 

Ti 

= 466.7 

deg.R 

75 

= 


deg.R 

t 2 

= 


deg.R 

Prx 

= 

11.19 

psia 

pin 


psia 

Pti 

= 

19.88 

psia 

P ra 

= 

26.96 

psia 

Tti 

= 

512.7 

deg.R 

Jh- 

= 666.3 

deg.R 

Hi 

= 

662.6 

deg.R 

Tti 

= 

725.1 

deg.R 


! Inlet 

Exit 

1 Absolute 

Relative 

Relative 

Absolute 

Mi 


0.701 


M{ 

= 1.462 


Mi 

zz 



M-x 

= 

0.962 


V, 

— 

742.9 

ft/sec 

Vi 

= 1548.4 

ft /sec 

Vi 

= 


ft/sec 

V, 

S 

1166.2 

ft/sec 

Qfl 


0.00 

deg. 


= 61.33 

deg. 


= 


deg. 

0 2 

= 

-55.04 

deg. 

p i 

= 

8.054 

psia 

P{ 


psia 

Pi 

= 

14.243 

psia 

Pi 


14.243 

psia 

7 1 

= 

466.7 

deg.R 

T{ 

= 466.7 

deg.R 

75 

= 


deg.R 

7a 

= 

611.9 

deg.R 

Pr i 

— 

11.19 

psia 

P ' 

*T 1 


psia 

Pti 

ss 

18.82 

psia 

Pr a 

zz 

25.80 

psia 

Tti 

= 

512.7 

deg.R 

T n 

= 666.3 

deg.R 

r Ti 

= 

662.6 

deg.R 

Tti 

zz 

725.1 

deg.R 


UNMIXED 

PERFORMANCE 


Pti/ Pti 

= 

0.7100 

V 2 /Vi 

= 

1.7510 

Pi/Pi 

= 

1.5275 

Ti/Ti 

= 

1.2435 

Pri/Pri 

= 

2.4100 

Tti/Ttx 

= 

1.4144 

W/Ht i 

= 

0.4216 

Vc 

= 

0.6777 


MIXED 

PERFORMANCE 


Pti/ Pti 

= 

0.6721 

v,/v, 

= 

1.5698 

Pi/ Pi 

= 

1.7684 

la/T, 

= 

1.3111 

Pti / Pti 

S = 

2.3062 

Tti/Ttx 

S 

1.4144 

W/Htx 

= 

0.4216 

Jk 

= 

0.6396 
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VPR-13.8-U 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 



a 

b 

C T 

02 

c 

d 

0.0000 

0.0000 

0.0000 

0.6250 

-11.9029 

0.0000 

84.6432 


12.0000 

0.0000 

■OHililil 

jgiftlllllltB 

12.0000 

0.0000 


Cl 


4.0000 


Pd 


Hifn 


36.8700 


Pt i 


ranton •« 


58.3920 


Upper: 

Lower: 



a 

b 

C T 

02 

C 

d 

9.0000 

-18.0000 

0.0000 

0.5000 

-9.0000 

18.0000 

0.0000 

3.0000 

-6.0000 

0.0000 

0.5000 


6.0000 

0.0000 



C2 

Pc 






6.0000 

43.3920 





CONDITIONS: (Transonic) 



Pti = 

11.19 psia 

Txi 

= 512.7 deg.R 

Vr = 1358.6 

ft/sec 

Pi/Pri = 1-200 


Aj/Aj = 0.8258 

Mr = 1.28 


V Cn = 1366.6 

ft/sec 

W c /A = 44.94 


Inlet 

Exit 1 

| Absolute 

Relative 

Relative 

i Absolute 

Mi 

= 

0.693 



= 1.457 


Mi 

= 



Afj 

= 

0.875 


V\ 

s 

734.8 

ft/sec 

V{ 

= 1544.6 

ft/sec 

Vi 

2 

937.8 

ft/sec 

Vi 


1038.9 

ft/sec 

<*i 

= 

0.00 

deg. 

«l 

= 61.59 

deg. 

a 2 

= 

40.23 

deg. 

Ora 

S 

-46.44 

deg. 

Pi 

= 

8.114 

psia 

Pi 

= 8.114 

psia 

P* 


13.423 

psia 

Pi 

= 

13.423 

psia 

1 1 

= 

467.7 

deg.R 

V 

= 467.7 

deg.R 


= 

586.1 

deg.R 

T, 

= 

586.1 

deg.R 

Pri 

ss 

11.19 

psia 

Pt i 


psia 

PT7 

= 


psia 

Pr 3 

— 

22.33 

psia 

7xi 

= 

512.7 

deg.R 

Jn_ 

= 666.3 

deg.R 

Jh. _ 


661.0 

deg.R 

7tj 

s 

677.6 

deg.R 


Inlet 

Exit “ 1 

Absolute 

Relative 

Relative 

' Absolute 

Mi 

S 

0.693 


M[ 

= 

1.457 


Mi 

= 



M-x 

— 

0.855 


Vi 

2 

734.8 

ft/sec 

V{ 

= 

1544.6 

ft/sec 

Vi 

2 

915.4 

ft/sec 

Vi 


1018.7 

ft/sec 

Oil 

= 

0.00 

deg. 


sr 

61.59 

deg. 

«'2 

= 

41.44 

deg. 

Or 3 

= 

-47.65 

deg. 

Pi 

2 

8.114 

psia 

Pi 

= 

8.114 

psia 

P* 

= 

13.698 

psia 

Pi 

= 

13.698 

psia 

1 1 

= 

467.7 

deg.R 

7! 

= 

467.7 

deg.R 

Ti 

s 

591.2 

deg.R 

Ti 


591.2 

deg.R 

Pr i 

s 

11.19 

psia 

Pfl 

s 


psia 

P*T 1 

= 


psia 

Pr i 

s 

22.08 

psia 

7xi 


512.7 

deg.R 

r Tl 

2 

666.3 

deg.R 

J2a_ 

= 

661.0 

deg.R 

7x2 

= 

677.6 

deg.R 


UNMIXED 

PERFORMANCE 


r T ,/r T1 

= 

0.7379 

Vi/Vx 


1.4138 

Pi/P t 

= 

1.6543 

Ti/Tt 

S 

1.2532 

Pn/Pri 

= 

1.9957 

Tn/Tn 

= 

1.3217 

W/Hti 

= 

0.3321 

Jk 

= 

0.6573 


MIXED 

PERFORMANCE 


Pri/Pr i 

2 

0.7229 

Vi/V i 

= 

1.3863 

Pi/P i 

= 

1.6882 

Ti/Ti 

= 

1.2641 

Pn/Pr i 

2 

1.9734 

Tn/Tri 

= 

1.3217 

W/Hti 

= 

0.3321 

Jk 

= 

0.6455 
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VPR-13.8-t2 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


01 


0.0000 


- 6.0000 


0.0000 


12.0000 


0.0000 


0.0000 


Ct 


0.6250 


0.5000 


02 


-11.9029 


- 6.0000 


Cl 


&Tran$onic 

4.0000 

36.8700 

58.3920 


0.0000 


12.0000 


84.6432 

0.0000 


Upper: 

Lower: 


0i 

a 

b~ 

Cr 

02 

c 

d 

9.0000 

-18.0000 

0.0000 

0.5000 

-9.0000 

18.0000 

0.0000 

3.0000 

-6.0000 

0.0000 

0.5000 

KTiTiTiTil 

6.0000 

0.0000 



e 2 

&C 






6.0000 

43.3920 





CONDITIONS; (Transonic) 


Vr 

= 1358.6 

Pri = 

ft/aec 

11.19 psia 

Pi/ Pri 

= 1.300 

Tn 

= 512.7 deg.R 

A */A\ 

= 0.8258 

Mr 

= 1.28 


Vc* 

= 1366.6 

ft/aec 

W c /A 

= 44.90 


| Inlet 

Exit 

| Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.692 


Mi 

= 1.456 


Mi 

= 



M 2 

= 



Vi 

= 

733.5 

ft/sec 

V{ 


ft/sec 

Vi 

s 

885.7 

ft/sec 

V, 

= 


ft/sec 

<*\ 

ZZ 

0.00 

deg. 


= 61.64 

deg. 

a 'i 

= 


deg. 



-49.32 

deg. 

Pi 

= 

8.124 

psia 

Pi 

= 8.124 

psia 

Pi 


14.542 

psia 

Pi 

= 

14.542 

psia 

Ti 

= 

467.9 

deg.R 


= 467.9 

deg.R 



mBm 

deg.R 

Ti 

S 

595.0 

deg.R 

Pri 


11.19 

psia 

?T1 


psia 

Pt, 

= 

WBm 

psia 

Pr 2 

S 

23.75 

psia 

Tr i 

= 

512.7 

deg.R 

JlL. 

= 666.3 

deg.R 

Hi 

= 

662.3 

deg.R 

Tn 

= 

684.3 

deg.R 


[ Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 


0.692 


M[ 

22 

1.456 


Mi 

2 



M, 

= 

0.832 


Vi 

ss 

733.5 

ft/sec 

V{ 

2 

1544.0 

ft/sec 

Vi 

2 

857.7 

ft/sec 

v 3 

= 

1000.2 

ft/sec 

<* 1 

= 

0.00 

deg. 

Q i 

2 

61.64 

deg. 


as 

42.72 

deg. 

<*2 

2 

-50.95 

deg. 

Pi 

— 

8.124 

psia 

Pi 

2 

8.124 

psia 

Pi 

22 

14.884 

psia 

Pi 

2 

14.884 

psia 

Ti 

22 

467.9 

deg.R 

Ti 

2 

467.9 

deg.R 

Ti 

= 


deg.R 

Ti 

= 

601.1 

deg.R 

Pr i 

= 

11.19 

psia 

Pt i 

= 


psia 

Pri 

2 


psia 

Pr i 

= 

23.44 

psia 

Tt i 

= 

512.7 

deg.R 


= 

666.3 

deg.R 

Jh l_ 

= 

662.3 

deg.R 

Tn 

— 

684.3 

deg.R 


UNMIXED 

PERFORMANCE 


Pri/P ri 

= 

0.7642 

Vi/Vi 

= 

1.3965 

Pi/Pi 

= 

1.7900 

Ti/Ti 

= 

1.2716 

Pn/ Pri 

= 

2.1233 

Tn/Tn 


1.3349 

W/H t i 

= 

0.3426 

Jk 

= 

0.7005 


MIXED 

PERFORMANCE 


Pri! Pri 

= 

0.7466 

Vi/Vi 

= 

1.3636 

Pi/P i 

= 

1.8321 

T,/Ti 

2 

1.2847 

Pn/Pri 

2 

2.0951 

Tn/Tn 

= 

1.3349 

W/H t i 

— 

0.3426 

Vc 

= 

0.6868 
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VPR-13.8-t3 


Front Blade: 


Aft Blade: 


GEOMETRY 


Upper: 

Lower: 


61 


0.0000 


- 6.0000 


0.0000 


12.0000 


0.0000 


0.0000 


Or 


0.6250 


0.5000 


9? 


-11.9029 


- 6.0000 


Cl 

ESBH 9 


4.0000 

36.8700 

58.3920 


0.0000 


12.0000 


84.6432 

0.0000 


Upper: 

Lower: 


6 1 

a 

b 

Cr 

82 

C 

d 

9.0000 

-18.0000 

0.0000 

0.5000 

-9.0000 

18.0000 

0.0000 

3.0000 

-6.0000 

0.0000 

0.5000 

gWHHHB 

6.0000 

0.0000 



C 2 

Pc 






6.0000 

43.3920 





CONDITIONS: (Transonic) 


V* 

= 1358.6 

Pri = 

ft/sec 

11.19 psia 

P?/Pr l 

= 1.400 

Tn 

= 512.7 deg.R 

A a/Ai 

= 0.8258 

Mr 

= 1.26 


Vc. 

= 1366.6 

ft/aec 

W c /A 

= 39.55 


Inlet 

Exit 

| Absolute 

Relative 

Relative 

Absolute 

Mi 


0.554 


M[ 

= 1.377 


M] 

= 

0.658 


Mi 

= 

0.833 


Vi 

= 

596.9 

ft /sec 

V{ 

= 1483.9 

ft/sec 

Vi 


796.4 

ft/sec 

V? 

S 

1008.2 

ft /sec 

<*1 

= 

0.00 

deg. 

a i 

= 66.28 

deg. 

a ? 

=r 

42.55 

deg. 

<*2 

sr 

-54.42 

deg. 

A 


9.082 

P81& 

Pi 


psia 

Pi 

zz 

15.632 

psia 

P 2 

= 

15.632 

psia 

Ti 

= 

483.0 

deg.R 

T[ 


deg.R 

Ti 

ss 


deg.R 

T? 

= 

609.0 

deg.R 

Pri 

= 

11.19 

psia 

Pt i 


psia 

Pt? 

= 

21.26 

psia 

Pr? 

= 

24.87 

psia 

Ixi 

= 

512.7 

deg.R 


= 666.3 

deg.R 

Tt? 

= 


deg.R 

Tt? 


695.8 

deg.R 


MIXED STATION AVERAGES 


| Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.554 


M{ 

= 

1.377 


Mi 

= 

0.626 


M j 

= 

0.806 


Vi 


596.6 

ft/sec 

V{ 

= 

1483.8 

ft/sec 

Vi 


761.5 

ft /sec 

V? 

= 

980.9 

ft/sec 

Ori 

= 

0.00 

deg. 

a i 

= 

66.29 

deg. 

°? 

= 

Mmm 

deg. 

<*2 

= 

-56.72 

deg. 

Pi 

S 

9.083 

psia 

Pi 

= 

9.083 

psia 

Pi 

ss 


psia 

p? 

= 

16.026 

psia 

Ti 

= 

483.0 

deg.R 

Ti 

= 

483.0 

deg.R 

Ti 

ss 


deg.R 

t? 

= 

615.7 

deg.R 

Pr 1 

= 

11.19 

psia 

Pfi 

SS 

28.00 

psia 

P't? 

= 


psia 

Pr? 

= 

24.59 

psia 

Tt 1 

s 

512.7 

deg.R 

Jxi_ 

= 

666.3 

deg.R 

Jh _ 

= 


deg.R 


= 

695.8 

deg.R 


UNMIXED 

PERFORMANCE 


Pt?/Pt 1 


0.7594 

V?/Vi 

= 

1.6892 

P?/P i 

= 

1.7212 

T?/Ti 

= 

1.2609 

Pr?/Pr 1 

= 

2.2231 

T t ?/Tti 

3= 

1.3572 

W/H t 1 

= 

0.3617 

Jk 

= 

0.7089 


MIXED 

PERFORMANCE 


P'T?/ Pt 1 

= 

0.7455 

V?/Vi 


1.6441 

P?/Pi 

= 

1.7644 

T?/Ti 

= 

1.2747 

Pr?/Pri 

= 

2.1977 

Tt?/Tti *■ 

= 

1.3572 

W/H t 1 

= 

0.3617 

Jk 

= 

0.6975 
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VPR-14f-tl 


Front Blade: 


Upper: 

Lower: 


01 ! 

a 

b 

Ct 

02 

c 

d 

0.0000 

0.0000 

0.0000 

0.5000 

-25.9467 

0.0000 

103.7868 



0.0000 

0.5000 

-12.0000 

6.0000 

0.0000 


ci 


4.0000 


0D 


11 UUL 


36.8700 


0T\ 


rantonte 


58.3920 


CONDITIONS: Cn-amopic) 




Pri = 

11.19 psia 


Tti 

= 512.7 deg.R 


Vr 

= 1358.6 

ft /sec 

Pi/Pri 

= 1.000 


A 2 /A 1 

= 0.8677 

Mr 

= 1.27 


Y£r 

= 1366.6 

ft/sec 

W c /A 

= 42.95 


| Inlet 

Exit 

1 Absolute 

Relative 

Relative 

Absolute 

Mi 

— 

0.635 


M[ 

= 1.422 


Mi 

= 1.135 


M, 

= 

0.904 


Vi 


677.8 

ft/sec 


= 1518.3 

ft/sec 

Vi 

= 1274.5 

ft/sec 

Vj 

= 

1011.9 

ft/sec 

Q l 

= 

0.00 

deg. 

«i 

= 63.49 

deg. 


= 45.54 

deg. 

Q2 

= 

-24.89 

deg. 

Pi 

S5 

8.529 

psia 

PI 

= 8.529 

psia 

Pi 


psia 

Pi 


10.303 

psia 

Ti 

= 

474.4 

deg.R 

T[ 

= 474.4 

deg.R 

Ti 

= 524.7 

deg.R 

1 2 


521.4 

deg.R 

P. T1 

= 

11.19 

psia 

Pti 


psia 

Pti 

= 24.39 

psia 

Pr 2 

= 

17.89 

psia 

Tn 


512.7 

deg.R 

_Z£l_ 

= 666.3 

deg.R 

_Zk_ 

= 662.1 

deg.R 

Tti 

“ 

605.1 

deg.R 


MIXED STATION AVERAGES 


Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

5= 

0.635 


M{ 

= 

1.422 


ML 

= 

0.921 


M a 

— 

0.608 


Vi 

s 

677.8 

ft/sec 

V{ 

= 

1518.3 

ft/sec 

Vi 

= 

1073.9 

ft/sec 

v 7 


707.7 

ft/sec 

a l 

= 

0.00 

deg. 

a i 

= 

63.49 

deg. 


= 

57.69 

deg. 

a 7 

= 

-37.20 

deg. 

Pi 

= 

8.529 

psia 

Pi 

= 

8.529 

psia 

Pi 

ZZ 

12.693 

psia 

P2 


12.984 

psia 

Ti 


474.4 

deg.R 

T[ 

S 

474.4 

deg.R 

Ti 

= 

566.2 

deg.R 

Ti 

= 

563.4 

deg.R 

Pti 

= 

11.19 

psia 

Pti 

= 


psia 

PT2 

= 

21.96 

psia 

Pr 2 

= 

16.67 

psia 

Tti 

= 

512.7 

deg.R 

Jxi_ 

= 

666.3 

deg.R 

7x2- 

= 

662.1 

deg.R 

Tti 

S 

605.1 

deg.R 


UNMIXED 

PERFORMANCE 


Pt2/Pt l 

= 

0.8710 

VilVi 

— 

1.4929 

P2/P1 

= 

1.2080 

T 1 /T 1 

= 

1.0990 

Pr 2 /Pri 

= 

1.5990 

Tti /Tti 

= 

1.1804 

W/H t 1 

= 

0.1888 

Jk 

= 

0.7603 


MIXED 

PERFORMANCE 


Pt2/Ptx 

= 

0.7843 

Vi/Vi 


1.0442 

P 2 /P 1 

= 

1.5224 

T 1 /T 1 

= 

1.1876 

PT2/PTI 

= 

1.4901 

Tti/Tt 1 

= 

1.1804 

W/H t 1 

= 

0.1888 

Jk 

= 

0.6394 
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VPR-15f-tl 


Front Blade: 


GEOMETRY 


Upper: 

Lower: 


I Oi 

a 

E> — 

C T 

0 3 

c 

d 

0.0000 

0.0000 

-20.1600 

0.6250 

-19.0190 

0.0000 

79.2460 

-6.0000 

gilllllllll 

0.0000 

0.5000 

-9.0000 

EH 

0.0000 


Cl 


Iff 

SI 

E3 B 

msm 




| 4.0000 

39.8700 

58.3920 | 




CONDITIONS: (Transonic) 




Pti = 

11.19 psia 

Tti 

= 512.7 deg.R 

Vr 

= 1358.6 

ft /sec 

Pi/Pf i = 1000 


Aj/Ai = 0.8677 

Mr 

= 1.29 


V Cm = 1366.6 

ft/sec 

W c /A = 45.70 


| Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 


0.719 


M[ 

= 1.473 


A/] 

= 1.161 


Mj 

sr 

0.842 


Vi 

= 

760.0 

ft /sec 

vi 

= 1556.7 

ft/sec 

Vi 


ft /sec 

Vi 

= 

941.4 

ft/sec 

ot\ 

= 

0.00 

deg. 

"i 

LKlil 

deg. 

<*a 

= 48.88 

deg. 

Qj 

s 

-22.97 

deg. 

Pi 

35 

7.926 

psia 


= 7.926 

psia 



psia 

P 2 

= 

10.685 

psia 

Ti 

— 

464.6 

deg.R 


= 464.6 

deg.R 

31 

= 522.4 

deg.R 

3j 

s 

520.7 

deg.R 

Pr i 

= 

11.19 

psia 

Pti 


psia 

Pti 


psia 

Prj 

s 

17.63 

p8L& 

Tti 

= 

512.7 

deg.R 

r T , 

= 666.3 

deg.R 

Jh. 

= 664.2 

deg.R 

Tt2 

s 

593.9 

deg.R 


| Inlet 

Exit 

| Absolute 

Relative 

Relative 

Absolute | 

Mi 

35 

0.719 


M{ 

s 

1.473 


ML 

= 




= 



Vi 

= 

760.0 

ft/sec 

V{ 

= 

1556.7 

ft/sec 

Vi 

= 

1149.7 

ft/sec 

Vi 

ss 

702.0 

ft/sec 

Ori 

= 

0.00 

deg. 


= 


deg. 

°a 

= 

58.35 

deg. 


s 

-31.64 

deg. 

Pi 

= 

7.926 

psia 

Pi 

= 

7.926 

psia 

p 5 

= 

12.719 

psia 

Pi 

s 

12.867 

psia 

Ti 

= 

464.6 

deg.R 

Ti 

= 

464.6 

deg.R 

35 

= 

554.2 

deg.R 

Ti 

= 

552.9 

deg.R 

Pti 


11.19 

psia 

Pti 

= 


psia 

^T3 

= 

23.97 

psia 

P. Ti 

s 

16.53 

psia 

Tti 

= 

512.7 

deg.R 

In. 

= 

666.3 

deg.R 


= 

664.2 

deg.R 

Tt i 

= 

593.9 

deg.R 


UNMIXED 

PERFORMANCE 


Pri/Pr i 

= 

0.9290 

V 2 /V 1 

S 

1.2387 

Pi/Pi 

= 

1.3482 

Ti/Ti 

= 

1.1207 

Pn/Pri 

= 

1.5761 

Tti /Tti 

= 

1.1584 

W/Hti 

= 

0.1625 

Jk 

= 

0.8544 


MIXED 

PERFORMANCE 


Pri/Pri 

= 

0.8562 

Vi/Vi 

— 

0.9237 

Pi! Pi 


1.6235 

Ti/Ti 

= 

1.1900 

Pn/Pri 

= 

1.4776 

Tri/Tri 


1.1584 

W/H ti 

= 

0.1625 

Jk 


0.7264 
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VPR-15f-t2 


Front Blade: 


GEOMETRY 


Upper: 

Lower: 


0i 

a 

b 

Ct 

02 

c 

d 

0.0000 

0.0000 

-20.1600 

0.6250 

-19.0190 

0.0000 

79.2460 

-6.0000 


0.0000 

0.5000 

-9.0000 

3.0000 

0.0000 

1 £l 





4.0000 


39.8700 


58.3920 


CONDITIONS: (Transonic) 


Vr 

= 1358.6 

II 

11.19 psia 

Pi/Pr l 

= 1.100 

Tji 

= 512.7 deg.R 

A 3 /A i 

- 0.8677 

Mr 

= 1.29 




= 1366.6 

ft/aec 

W c /A 

= 46.46 


| Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 


0.748 


Mi 

= 1.492 


M± 

= 

1.123 


M, 

= 

0.817 


Vi 


787.6 

ft /sec 

V{ 

LUMI 

ft /sec 

Vi 

= 


ft /sec 

^2 

= 

921.6 

ft/sec 


= 

0.00 

deg. 

Q i 

= 59.90 

deg. 

Or'j 

= 

49.52 

deg. 


= 

-24.19 

deg. 

Pi 

= 

7.715 

psia 

Pi 

= 7.715 

psia 

Pi 

= 

11.498 

psia 

P> 

= 

11.498 

psia 

7i 

= 

461.0 

deg.R 

n 

BBSS! 

deg.R 

n 

= 

532.2 

deg.R 

1 2 

= ■ 

529.9 

deg.R 

Pri 

= 

11.19 

psia 

Pt i 


psia 

PT7 

= 

25.69 

psia 

Pr2 

= 

17.80 

psia 

Tt i 

= 

512.7 

deg.R 

Hi 

= 666.3 

deg.R 

JX2_ 

= 

666.7 

deg.R 


= 

598.6 

deg.R 


MIXED STATION AVERAGES 


1 Inlet 

Exit 

| Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.748 


M{ 

= 

1.492 


Mi 

= 



M 2 

= 

0.598 


Vi 

= 

787.6 

ft/sec 

Vi 

= 


ft/sec 

Vi 

= 

1132.6 

ft/sec 

v. 

= 

692.6 

ft/sec 

Qfl 

= 

0.00 

deg. 

a i 

= 


deg. 

°2 

= 

58.64 

deg. 

a 2 

s 

-32.97 

deg. 

Pi 

= 

7.715 

psia 

Pi 

= 

7.715 

psia 

Pi 

= 

13.437 

psia 

Pi 

r= 

13.644 

psia 

Ti 


461.0 

deg.R 

Tt 

= 


deg.R 

n 

= 

559.9 

deg.R 

Ti 

s 

558.7 

deg.R 

Pri 

= 

11.19 

psia 

Pt i 

= 


psia 

Pt 2 

= 

24.75 

psia 

Pn 

= 

17.37 

psia 

Tt i 


512.7 

deg.R 


= 

666.3 

deg.R 

Jn - 

= 

666.7 

deg.R 

Tt 2 

= 

598.6 

deg.R 


UNMIXED 

PERFORMANCE 


Pt it Pt i 

= 

0.9177 

Vi/Vi 

= 

1.1701 

Pi/Pi 

= 

1.4902 

Ti/Ti 

= 

1.1493 

Pr2/Pri 

= 

1.5909 

Tn/Tri 

= 

1.1676 

W/H T i 

= 

0.1662 

Vc 

= 

0.8533 


MIXED 

PERFORMANCE 


Pt it Pt i 

= 

0.8841 

VifVi 

ss 

0.8793 

PifPi 

s 

1.7685 

Ti/Ti 

s 

1.2118 

Pr: i/Pri 

as 

1.5530 

Tri/Tri 

= 

1.1676 

W/Hti 

= 

0.1662 

Jk 

s= 

0.8061 
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VPR-16f-tl 



CONDITIONS; (Transonic) 


Vr 

= 1358.6 

Pri = 

ft /see 

11.19 psia 

Pi/ P ti 

= 1.200 

Tti = 

512.7 deg.R 
A j/A, 

= 0.8677 

Mr 

= 1.28 

Ye* 

= 1366.6 

ft/sec 

W c /A 

= 44.89 


[ Inlet i 

Exit 

Absolute 

Relative 

Relative 

Absolute 

Mi 

= 

0.691 


M[ 

= 1.456 


M$ 

= 



M a 

= 

EM9 


Vi 


733.2 

ft/sec 

V{ 

= 1543.8 

ft/sec 

n 

5= 


ft/»ec 

Vi 

= 

827.2 

ft /sec 

*1 

= 

0.00 

deg. 


= 61.65 

deg. 


= 

52.26 

deg. 

a 2 



deg. 

Pi 

= 

8.127 

psia 

Pi 

= 8.127 

psia 

pi 


13.715 

psia 

ft 

= 

13.715 

psia 

Ti 

= 

467.9 

deg.R 

Ti 

= 467.9 

deg.R 

Ti 

= 

563.0 

deg.R 

Ti 

s 

567.6 

deg.R 

P ri 

= 

11.19 

psia 

P'ti 


psia 

Pti 

=r 

25.76 

psia 

Ptj 

= 


psia 

Txi 

= 

512.7 

deg.R 

_Sl_ 

= 666.3 

deg.R 

Ji2_ 


664.5 

deg.R 

Tn 

— 

632.3 

deg.R 


MIXED STATION AVERAGES 


| Inlet 

Exit 

Absolute 

Relative 

Relative 

Absolute | 

Mi 

= 

0.691 


M'i 

s 

1.456 


ML 




M 3 

= 

0.619 


Vx 

= 

733.2 

ft /sec 

Vi 

= 

1543.8 

ft/sec 

Vi 

= 


ft/sec 

V a 

= 

735.7 

ft/sec 


= 

0.00 

deg. 

<*i 

= 

61.65 

deg. 

°a 

= 

59.84 

deg. 

<*2 

= 

-45.18 

deg. 

Pi 


8.127 

psia 

Pi 

= 

8.127 

psia 

Pi 

= 


psia 

Pi 

=r 

14.500 

psia 

T\ 

= 

467.9 

deg.R 

T[ 

= 

467.9 

deg.R 

Ti 

= 

577.5 

deg.R 

T 3 

sr 

587.3 

deg.R 

P ri 

= 

11.19 

psia 

Pti 

ss 

mmm 

psia 

Pn 

SS 

24.37 

psia 

P n 

= 

18.78 

psia 

Txi 

= 

512.7 

deg.R 


= 

666.3 

deg.R 

Jh L. 

= 

664.5 

deg.R 

7xa 

= 

632.3 

deg.R 


UNMDCED 

PERFORMANCE 


Pri/Pi-i 


0.9201 

Vi/^ 

= 

1.1282 

Pi /Pi 

= 

1.6877 

Ti/Tx 

= 

1.2131 

Pn/P ri 

= 

1.8085 

Trs/Txi 


1.2335 

W/H t i 

= 

0.2302 

Vc 

= 

0.8014 


MIXED 

PERFORMANCE 



= 

0.8706 

Vi/Vx 

= 

1.0035 

Pi! Pi 

= 

1.7843 

Ti/Tx 

= 

1.2551 

Pn/Pri 

S 

1.6789 

Txs/TVi 

= 

1.2335 

W/H T x 

= 

0.2302 

Jk 

= 

0.6932 
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